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Technical Field 

[0001] The present invention relates particularly to ^component recognizing method and 

apparatus for recognizing components prior to the-installation of the components en- onto objects 
to be installed, such as boards and components^ and to a_component mounting method and 
apparatus for installing the-recognized components en -onto t he objects, such as boards and 
components, in component mounting equipment for mounting components such as electronic 
components and optical components. 

Y 

Background Art 

[0002] As a head unit having suction nozzles for sucking and holding components in 

such a component mounting apparatus, for example, such a head unit 700 as shown in FIG. 3 has 
been known conventionally. In such a component mounting apparatus 500 -1 500 as shown in 
FIG. 24, for example, the-head unit 1700 is installed in an X-Y robot 500X 1500X for moving 
the head unit 700- 1700 in X-Y directions, suction nozzles of the head unit 700 -1700 driven by 
the X-Y robot 500X 1500X suck and hold components fed from component feeding units SO0H 
1500H and SQM -lSOQj for the-production of a mounted board 50QJ -1500J and, after the 
recognition of the-shapes of the components and the-correction of the postures thereof, the head 
unit mounts the components en -onto the board 1500J . Reference character 5QOM -1500M in 
FIG. 24 denotes a motor that drives the head unit 700- 1 700 in the direction of Y axis of the X-Y 



robot 50QX- 1 500X and, in-the during movement in the direction of Y axis, components sucked 
and held by the suction nozzles are moved over a recognition camera and recognized. 
[0003] Such a head unit 770 as shown in FIG. 5 also has been known, and the head unit 

770 has a configuration and a function which are similar to those of the head unit 700 of FIG. 3. 
[0004] Hereinbelow, the-configurations of the head units 700 and 770 will be described. 

[0005] In FIG. 3, reference numeral 701 denotes a frame that serves as a foundation of 

the head unit 700, and the frame moves above the-a_component mounting apparatus in 
combination with the-a_robot unit that drives the head unit 700 in the-X-Y directions of the 
component mounting apparatus. Reference numeral 702 denotes a motor that is a drive source 
and is integral with the frame, and thus a table 703 is moved in directions E and F, i.e., in vertical 
directions. Reference numerals 724 to 733 denote nozzles which suck and hold components, and 
the nozzles 724 to 733 are normally biased by springs 714 to 723 in a direction E so as to stand 
remain still. Reference numerals 704 to 713 denote cylinders which selectively transmit drives 
from the table 703 to the nozzles 724 to 733 in the directions E and F. Amen^ From among the 
cylinders 704 to 713, only the cylinders corresponding to the nozzles to which actions are to be 
transmitted from the table 703 are driven to come into contact with only those nozzles ( from 
among the nozzles 724 to 733) to effect forces in the direction E so that the-vertical movement of 
the table 703 causes movements of the selected nozzles in the directions E and F through the 
actions of the driven cylinders. On the contrary, from among the cylinders 704 to 713, the 
cylinders which do not transmit the-movements in the directions E and F are not driven and do 
not come into contact with the nozzles 704 to 713 and therefore do not cause the-movements in 
the directions E and F. 

[0006] Hereinbelow, the-movement of the head unit 700 configured as above will be 

described. In FIGS. 4A to 4C, only four nozzles 724, 725, 726, and 727 out of the ten nozzles 



are shown for brevity. 

[0007] At the-commencement of recognition in FIG. 4A, for example, four nozzles 724, 

725, 726, and 727 out of the ten nozzles simultaneously descend to a specified height while 
holding components 695, 696, 697, and 698, and the component 695, then the component 696, 
then the component 697 and then the component 698 are subsequently recognized in order of 
mention in accordance with a direction R of a movement of the head unit 700, with via a 
recognition camera 600, i.e., a component shape recognition unit. At this time, the-focus of the 
recognition camera 600 is obtained in a diagonally shaded range P in FIG. 4A 2 and the 
recognition can be achieved only in the range P. Th e bottom Bottom surfaces of the components 
695, 696, and 697 can be positioned in the r e cognizable range P through the-vertical movements 
of the nozzles 724, 725, and 726, and can be recognized wrth- via the recognition camera 600. 
On the other hand, the-abottom surface of the component 698 is out of the r e cognizable range P 
and cannot be recognized with via the recognition camera 600. Accordingly, the-shapes of 
components having different heights such as the components 695, 696, and 697 and the 
component 698 cannot be recognized continuously, for example, in the order of the component 
695, then the component 696, then the component 697 and then the component 698. 
[0008] In practice, as shown in FIG. 4B, the shapes of the components 695, 696, and 697 

which are held by the nozzles 724, 725, and 726 and can be simultaneously recognized are 
continuously recognized. After that, the component 698 is held by the nozzle 727 and then the-a 
height of the nozzle 727 relative to the recognition camera 600 is switched and the component 
698 is recognized. 

[0009] The configuration of the head unit 770 shown in FIG. 5 will be described below. 

[0010] Reference numeral 771 denotes a frame that serves as a foundation of the head 

unit 770 a and the frame 771 is integral with motors 772, 773, and 774 which are drive sources. 



Numerals 775, 776, and 777 denote ball screws which are rotated individually by the motors 772, 
773, and 774, respectively, and numerals 778, 779, and 780 denote nozzles for holding 
components. Rotational drive caused by the motors 772, 773, and 774 is transmitted to the 
nozzles 778, 779, and 780 through the-a_medium of the ball screws 775, 776, and 777 so as to 
move the nozzles vertically. As a result, the-settings of the-vertical movements of the nozzles 
778, 779, and 780 can be individually provided by the motors 772, 773, and 774. 
[0011] Hereinbelow, tke-movement of the head unit 770 configured as above will be 

described. 

[0012] In FIG. 6, drives of the nozzles 778, 779, and 780 in directions U and V, i.e., in 

upward and downward directions in FIG. 5 are individually controlled by the motors 772, 773, 
and 774. Thus, components 787, 788, and 789 are held respectively and then positions of the 
components are individually adjusted so that bottom surfaces of the components come into a 
recognizable range P in which the-focus of a component shape recognition unit 600 is obtained. 
In this manner, shape recognition and mounting of the components 787, 788, and 789 having 
different heights are performed continuously in the order of the component 787, then the 
component 788, and then the component 789. 

[0013] On the other hand, such a configuration of the head unit 700 as mentioned above 

with reference to FIG. 3 causes an increase in the number of times of component shape 
recognition with an increase in #*e-avariety of heights of components to be mounted and, at the 
same time, causes an increase in the-a_transit time of the head unit 700 for the-feeding of the 
components, so that an increase in tact time for tfee-mounting ea the components onto boards 
influences the-productivity of mounted boards. 

[0014] In recent years, however, the-a^_need for the-mounting of various types of 

components has increased and component mounting apparatus which are capable of recognizing 



various components continuously have been essential for board mounting with high efficiency. 
[0015] With such a configuration of the head unit 770 as mentioned above with reference 

to FIG. 5, shapes of components can be continuously recognized regardless of a difference in the 
heights of the components; however, tbe-ajiecessity for a plurality of drive sources not only 
raises the-acost of the head unit itself but may exert an influence on dynamic characteristics of a 
robot for driving the head unit because of an increase in the-weight of the head unit and other 
influences. This results in the-ajimitation en-of the number of nozzles, which may inhibit the 
improvement in-the-of efficiency of component mounting. 

[0016] It is an object of the present invention to solve the above-mentioned issues r lthat 

is, to provide ^component recognizing method and apparatus,, and component mounting method 
and apparatus by which components with various heights held by a plurality of component 
holding members can be recognized continuously. 

Di s clo s ure Summary Of Invention 

[0017] In order to achieve the above-mentioned object, the present invention is 

configured as will be described below. 

[0018] According to a first aspect of the present invention, there is provided a component 

recognizing method for recognizin g, via with o ne recognition unit^ surfaces to be recognized of a 
plurality of components held by a plurality of component holding members which are vertically 
moved selectively by a single drive unit , with and having the surfaces to be recognized being at ef 
different heights, in which heights of the component holding members are controlled so as to 
bring the-a_surface to be recognized of each of the plurality of components into a recognizable 
range of the recognition unit^ and the surfaces to be recognized of the plurality of components are 
continuously recognized. 



[0019] According to a second aspect of the present invention, there is provided a component 

recognizing method as defined in the first aspect, wherein the plurality of components held by the 
plurality of component holding members,, and having the surfaces to be recognized e£at_different 
heights,, have such a variation in height that not all the surface surfaces to be recognized of the 
plurality of components are within the recognizable range of the recognition unit when bottom end 
surfaces of the plurality of component holding members are situated at an identical height. 
[0020] According to a third aspect of the present invention, there is provided a component 

recognizing method as defined in the second aspect, wherein, from among the plurality of 
components held by the plurality of component holding members and having the surfaces to be 
recognized ef-atdifferent heights^ which components have such a variation in height that not all the 
surface to be recognized of the plurality of components are within the recognizable range of the 
recognition unit when the bottom end surfaces of the plurality of component holding members are 
situated at an identical height, components of which the surfaces to be recognized are within the 
recognizable range of the recognition unit are recognized without a selective vertical movement of 
component holding members holding tke- these components by drive of the-a_single drive unit 
and without a change in heights of the surfaces, and components of which the surfaces to be 
recognized are out of the recognizable range of the recognition unit are recognized so that the 
s urfac e s to b e r e cogniz e d ar e recogniz e d after performing a positioning operation with a via vertical 
movement of component holding members holding the -these components, is controlled so as to 
bring the surfaces to be recognized of these components into the recognizable range of the 
recognition unit. 

[0021] According to a fourth aspect of the present invention, there is provided a component 

recognizing method as defined in any one of the first to third aspects, wherein shapes of the 
components are recognized when the surfaces to be recognized of the components are recognized. 



[0022] According to a fifth aspect of the present invention, there is provided a component 

recognizing apparatus for recognizin g, via with-one recognition unit^ surfaces to be recognized of 
a plurality of components held by a plurality of component holding members which are vertically 
moved selectively by a single drive unit and having the surfaces to be recognized ef-at_different 
heights, wherein heights of the component holding members are adapted to be controlled so as to 
bring the-a_surface to be recognized of each of the plurality of components into a recognizable 
range of the recognition unit and continuously r e cognizes recognize the surfaces to be recognized 
of the plurality of components. 

[0023] According to a sixth aspect of the present invention, there is provided a component 

recognizing apparatus as defined in the fifth aspect, wherein the plurality of components held by 
the plurality of component holding members and having the surfaces to be recognized e£-at 
different heights^ have such a variation in height that not all the surface to be recognized of the 
plurality of components are within the recognizable range of the recognition unit when bottom end 
surfaces of the plurality of component holding members are situated at an identical height. 
[0024] According to a seventh aspect of the present invention, there is provided a 

component recognizing apparatus as defined in the sixth aspect, wherein, from among the 
plurality of components held by the plurality of component holding members and having the 
surfaces to be recognized ef-at_different heights^ which components have such a variation in height 
that not all the s urface surfaces to be recognized of the plurality of components are within the 
recognizable range of the recognition unit when the bottom end surfaces of the plurality of 
component holding members are situated at an identical height, components of which the surfaces 
to be recognized are within the recognizable range of the recognition unit are recognized without a 
selective vertical movement of component holding members holding fee- these components by 
drive of the single drive unit and without a change in heights ef- at which the surfaces are located . 
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and components of which the surfaces to be recognized are out of the recognizable range of the 
recognition unit are recognized so that the surfac e s to b e r e cogniz e d ar e r e cogniz e d after performing 
a positioning operation with a via vertical movement of component holding members holding the 
these components, is controll e d so as to bring the surfaces to be recognized of these components 
into the recognizable range of the recognition unit. 

[0025] According to an eighth aspect of the present invention, there is provided a 

component recognizing apparatus as defined in any one of the fifth to seventh aspects, wherein 
shapes of the components are adapted to be recognized when the surfaces to be recognized of the 
components are recognized. 

[0026] According to a ninth aspect of the present invention, there is provided a component 

mounting apparatus comprising: 
a single drive unit; 

a plurality of component holding members which are adapted to be vertically 
moved selectively by the single drive unit and hold a plurality of components; 

a head unit including the single drive unit and the plurality of component holding 

members; and 

one recognition unit which is adapted to recognize surfaces to be recognized of the 
plurality of components held by the plurality of component holding members when the surfaces 
to be recognized are within a recognizable range, 

wherein heights ef- at which the component holding members k-are located are 
adapted to be controlled so as to bring the-a_surface to be recognized of each of the plurality of 
components into the recognizable range of the recognition unit, and the recognition unit 
continuously recognizes the surfaces to be recognized of the plurality of components^ when the 
surfaces to be recognized of the plurality of components held by the plurality of component 
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holding members and having the surfaces to be recognized ef-aLdifferent heights are r e cognized 
with brought into the recognizable range of the one recognition unit while the head unit is moving. 
[0027] According to a 4Qth -tenth aspect of the present invention, there is provided a 

component mounting apparatus as defined in the ninth aspect, wherein the plurality of components 
held by the plurality of component holding members and having the surfaces to be recognized ef 
at_different heights^ have such a variation in height that not all the suffeee -surfaces to be recognized 
of the plurality of components are within the recognizable range of the recognition unit when 
bottom end surfaces of the plurality of component holding members are situated at an identical 
height. 

[0028] According to an 444h- eleventh aspect of the present invention, there is provided a 

component mounting apparatus as defined in the ninth aspect, wherein, from among the plurality 
of components held by the plurality of component holding members and having the surfaces to be 
recognized of different heights, which components have such a variation in height that not all the 
surfac e surfaces to be recognized of the plurality of components are within the recognizable range 
of the recognition unit when the bottom end surfaces of the plurality of component holding 
members are situated at an identical height, components of which the surfaces to be recognized are 
within the recognizable range of the recognition unit are recognized without a vertical movement of 
component holding members holding the- these components and without a change in heights ef-at 
which the surfaces are located , and components of which the surfaces to be recognized are out of 
the recognizable range of the recognition unit are recognized s o that th e surfac es to b e r e cogniz e d 
ar e recogniz e d with via the recognition unit after performing a positioning operation with via a 
selective vertical movement of component holding members holding the- these components by 
drive of the single drive unit, is controlled so as to bring the surfaces to be recognized of these 
components into the recognizable range of the recognition unit. 



[0029] According to a 42th~ twelfth aspect of the present invention, there is provided a 

component mounting apparatus as defined in any one of the ninth to eleventh aspects, wherein 
shapes of the components are adapted to be recognized when the surfaces to be recognized of the 
components are recognized. 

[0030] According to a j^th -thirteenth aspect of the present invention, there is provided a 

component mounting apparatus as defined in any one of the ninth to i^th-twelfth aspects, further 
comprising: a table which is adapted to be vertically moved by the single drive unit; and 
cylinders which are fixed to the table, corresponding to the component holding members, and is 
are each adapted to bring a tip of a piston into contact with only the -a selected component 
holding member sel e ct e d so as to be vertically moved from among the plurality of component 
holding members^ and thereby transmit vertical movement of the table to the selected component 
holding member. 

[0031] According to a 44tb- fourteenth aspect of the present invention, there is provided a 

component recognizing method as defined in any one of the first to fourth aspects, further 
comprising: 

producing a velocity curve ia -for vertical movement of the selected component 
holding member with parameters of a target position in a direction of height at time when the 
vertical movement of the selected component holding member is controlled by meafts -virtue of 
the drive unit so as to position the surface to be recognized of a component within the recognizable 
range of the recognition unit, a maximum velocity in -during the vertical movement of the selected 
component holding member up to the target position, and a maximum acceleration m -during the 
vertical movement of the selected component holding member up to the target position, and 

automatically starting a positioning operation, into the recognizable range, of the 
surface to be recognized of the component held by the selected component holding member driven 



by the drive unit on a basis of the velocity curve in response to a positioning operation starting 
instruction upon arrival at a positioning operation starting position of the selected component 
holding member moving transversely toward the recognition unit. 

[0032] According to a -l^thn fifteenth aspect of the present invention, there is provided a 

component recognizing method as defined in the 44fe- fourteenth aspect, wherein a plurality of 
sets of parameters of the-target positions and the-positioning operation starting positions are 
provided., and continuous positioning operations are thereby executed with provision of a plurality 
of timings. 

[0033] According to a 4-&h -sixteenth aspect of the present invention, there is provided a 

component recognizing method as defined in the j-&h-fifteenth aspect, further comprising, with a 
plurality of positioning operation ending positions corresponding to the plurality of positioning 
operation starting positions provided, judging whether individual positioning operations «- during 
continuous positioning operations, which were started at the plurality of positioning operation 
starting positions, have reached the-respective positioning operation ending positions or not so as 
to detect whether the-respective positioning operations have been dene- completed normally or not. 
[0034] According to a 4-Tih -seventeenth aspect of the present invention, there is provided a 

component recognizing apparatus as defined in any one of the fifth to eighth aspects, comprising: 
a first control unit which is adapted to produce a velocity curve in -for vertical 
movement of the selected component holding member with parameters of a target position in a 
direction of height at time when the vertical movement of the selected component holding member 
is controlled by means -virtue of the drive unit so as to position #*e-a_surface to be recognized of a 
component within the recognizable range of the recognition unit, a maximum velocity in- during the 
vertical movement of the selected component holding member up to the target position, and a 
maximum acceleration in- during the vertical movement of the selected component holding member 
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up to the target position; and 

a second control unit which is adapted to drive the drive unit in response to a 
positioning operation starting instruction and automatically start a positioning operation of the 
selected component holding member driven by the drive unit on a basis of the velocity curve, upon 
arrival at a positioning operation starting position of the selected component holding member 
moving transversely toward the recognition unit. 

[0035] According to an 4-Sth -eighteenth aspect of the present invention, there is provided a 

component recognizing apparatus as defined in the iTth- seventeenth aspect wherein a plurality 
of sets of parameters of the-target positions and fee-positioning operation starting positions are 
provided^ and thereby the second control unit is adapted to execute continuous positioning 
operations with provision of a plurality of timings. 

[0036] According to a 49th -nineteenth aspect of the present invention, there is provided a 

component recognizing apparatus as defined in the 4Sth ^eighteenth aspect, wherein with a 
plurality of positioning operation ending positions corresponding to the plurality of positioning 
operation starting positions provided, the second control unit is adapted to judge whether 
individual positioning operations in- during continuous positioning operations^ which were started 
at the plurality of positioning operation starting positions, have reached the— respective 
positioning operation ending positions or not and thereby detects whether the- respective 
positioning operations have been dene -completed normally or not. 

[0037] According to a 30th -twentieth aspect of the present invention, there is provided a 

component mounting apparatus as defined in the ninth aspect, wherein the single drive unit is a 
single motor, and the single motor is adapted to rotationally drive a ball screw to rotate and 
thereby vertically moves- move a table that is in screw engagement with the ball screw, 

the apparatus further comprising: cylinders which are fixed to the table, 



corresponding to the component holding members, and each of which is adapted to bring a tip of 
a piston into contact with only the- a selected component holding member selected so as to be 
vertically moved from among the plurality of component holding members and thereby transmit 
vertical movement of the table to the selected component holding members member ; 

a first control unit which is adapted to produce a velocity curve in -for vertical 
movement of the selected component holding m e mbers member by means- virtue of the single 
motor, with parameters of a target position in a direction of height at time when the-vertical 
movement of the selected component holding m e mbers member is controlled by means- virtue of 
the single motor so as to position the-a^surface to be recognized of a component within the 
recognizable range of the recognition unit, a maximum velocity in -dun ng the vertical movement of 
the selected component holding m e mb e rs member up to the target position, and a maximum 
acceleration a lluring the vertical movement of the selected component holding members member 
up to the target position; and 

a second control unit which is adapted to drive the single motor in response to a 
positioning operation starting instruction and automatically start a_positioning operations of the 
selected component holding members driven by the single motor on a basis of the velocity curve, 
upon arrival at a positioning operation starting position of the selected component holding 
members moving with the head unit transversely toward the recognition unit. 
[0038] According to a 24st- twentv-first aspect of the present invention, there is provided a 

component mounting apparatus as defined in the 3Q& -twentieth aspect, further comprising a 
transverse movement motor for moving the component holding members in a transverse 
direction, wherein 

the first control unit is further adapted to produce a velocity curve in- during 
transverse movement of the selected component holding members by m e ans virtue of the 
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transverse movement motor, with parameters of a target position in a_transverse direction at ajime 
when the transverse movement of the selected component holding members up to vertical drive 
starting positions for the selected component holding members is controlled by means- virtue of 
the transverse movement motor, for recognition of the-a_surface to be recognized of a component 
within the recognizable range of the recognition unit, a maximum velocity in -during the transverse 
movement of the selected component holding members up to the target position, and a maximum 
acceleration ift- during the transverse movement of the selected component holding members up to 
the target position, and 

the second control unit is adapted to drive the transverse movement motor in 
response to the-a_positioning operation starting instruction and automatically start positioning 
operations of the selected component holding members driven by the transverse movement motor 
on the basis of the velocity curve, upon arrival at the-positioning operation starting position 
positions of the selected component holding members moving with the head unit transversely 
toward the recognition unit. 

[0039] According to a 33ed- twenty-second aspect of the present invention, there is provided 

a component mounting method in which the-a^plurality of components from component feeding 
units are held by the plurality of component holding members, the components are thereafter 
recognized wkh- via t he component recognizing method as defined in any one of the first to 
fourth and 44th- fourteenth to Ifoh -sixteenth aspects, postures of the plurality of components held 
by the plurality of component holding members are thereafter corrected on a basis of a 
recognition result, and the components are thereafter installed en -onto an object to be installed. 
[0040] According to a 2^rd -twenty-third aspect of the present invention, there is provided a 

component mounting apparatus which is adapted to hold tfee-a__plurality of components from 
component feeding units by the plurality of component holding members, thereafter recognize 



the components with the recognition unit of the component recognizing apparatus as defined in 
any one of the fifth to eighth and 47th -seventeenth to 4^k- nineteenth aspects, thereafter correct 
postures of the plurality of components held by the plurality of component holding members on a 
basis of a recognition result, and thereafter install the components en -onto an object to be 
installed. 

[0041] According to a 34& -twentv-fourth aspect of the present invention, there is provided 

a component recognizing method as defined in the first aspect, wherein 

after the plurality of component holding members holding the plurality of 
components having the surfaces to be recognized ef-ai different heights are moved in one 
direction over the one recognition unit, the plurality of component holding members are moved in 
a reverse direction opposite to the one direction over the one recognition unit with heights ef-at 
which are located the plurality of component holding members being changed, and 

aH -each of the plurality of components held by the plurality of component holding 
members are imaged wkh- via the recognition unit ift-during respective movement of the plurality 
of component holding members in the one direction and in the reverse direction, and the surfaces 
to be recognized of only components having the surfaces to be recognized brought into the 
recognizable range of the recognition unit, from among the plurality of components,, are recognized. 
[0042] According to a a§fe- twentv-fifth aspect of the present invention, there is provided a 

component recognizing method as defined in the first aspect, wherein 

the plurality of component holding members holding the plurality of components 
having the surfaces to be recognized e£-atdifferent heights are moved in one direction over the 
one recognition unit and the surfaces to be recognized of only components having the surfaces to 
be recognized brought into the recognizable range of the recognition unit from among the plurality 
of components held by the plurality of component holding members^ are recognized, and 



16 

heights e ^at which the plurality of component holding members are located are 
changed^ and the plurality of component holding members are thereafter moved in a reverse 
direction opposite to the one direction over the one recognition unit and the surfaces to be 
recognized of only components having the surfaces to be recognized brought into the recognizable 
range of the recognition unit^ from among the plurality of components held by the plurality of 
component holding members, are recognized. 

[0043] According to a 3&h- twenty-sixth aspect of the present invention, there is provided a 

component recognizing method as defined in the first aspect, wherein 

the plurality of component holding members holding the plurality of components 
having the surfaces to be recognized ef-at different heights are moved over the one recognition 
unit and the surfaces to be recognized of only components having the surfaces to be recognized 
brought into the recognizable range of the recognition unit from among the plurality of components 
held by the plurality of component holding members^ are recognized, and 

heights e^ at which the plurality of component holding members are located are 
changed and the plurality of component holding members are thereafter moved over a recognition 
unit other than the one recognition unit and the surfaces to be recognized of only components 
having the surfaces to be recognized brought into the recognizable range of the recognition unit 
from among the plurality of components held by the plurality of component holding members^ are 
recognized. 

[0044] According to a 2fth- twenty-seventh aspect of the present invention, there is provided 

a component recognizing apparatus as defined in the fifth aspect, further comprising a control unit 
which is adapted to move the plurality of component holding members^ holding the plurality of 
components having the surfaces to be recognized ef-at different heights^ in one direction over the 
one recognition unit, thereafter move the plurality of component holding members in a reverse 



17 

direction opposite to the one direction over the one recognition unit with heights ej ^at which are 
located the plurality of component holding members being changed, perform imaging with via 
the recognition unit of ati -each of the plurality of components held by the plurality of component 
holding members in -during respective movement of the plurality of component holding members 
in the one direction and in the reverse direction, and recognize the surfaces to be recognized of only 
components having the surfaces to be recognized brought into the recognizable range of the 
recognition unit a from among the plurality of components. 

[0045] According to a 3^fe- twenty-eighth aspect of the present invention, there is provided 

a component recognizing apparatus as defined in the fifth aspect, further comprising a control unit 
which is adapted to move the plurality of component holding members holding the plurality of 
components having the surfaces to be recognized e£at different heights in one direction over the 
one recognition unit, recognize the surfaces to be recognized of only components having the 
surfaces to be recognized brought into the recognizable range of the recognition unit, from among 
the plurality of components held by the plurality of component holding members, move the 
plurality of component holding members in a reverse direction opposite to the one direction over 
the one recognition unit after changing heights ef- at which t he plurality of component holding 
members are located , and recognize the surfaces to be recognized of only components having the 
surfaces to be recognized brought into the recognizable range of the recognition unit^ from among 
the plurality of components held by the plurality of component holding members. 
[0046] According to a 29th- twenty-ninth aspect of the present invention, there is provided a 

component recognizing apparatus as defined in the fifth aspect, further comprising: another 
recognition unit capable of recognizing surfaces to be recognized of components havin^-aljieights 
of th e surfaces to be recognized different from those of components which are recognized by m e an s 
virtue of the one recognition unit; and 
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a control unit which is adapted to move the plurality of component holding 
members holding the plurality of components having the surfaces to be recognized ef-aidifferent 
heights over the one recognition unit, recognize the surfaces to be recognized of only components 
having the surfaces to be recognized brought into the recognizable range of the recognition unit^ 
from among the plurality of components held by the plurality of component holding members, 
move the plurality of component holding members over the another recognition unit other than the 
on e r e cognition unit after changing heights ef- at which the plurality of component holding 
members are located , and recognize the surfaces to be recognized of only components having the 
surfaces to be recognized brought into the recognizable range of the another recognition unit^ from 
among the plurality of components held by the plurality of component holding members. 
[0047] According to a 3Qfe -thirtieth aspect of the present invention, there is provided a 

component recognizing method comprising: 

moving a plurality of component holding members holding a plurality of 
components having surfaces to be recognized ef-at different heights in one direction over a 
recognition unit, thereafter moving the plurality of component holding members in a reverse 
direction opposite to the one direction over the recognition unit with heights e£ at which are located 
the plurality of component holding members being changed: and 

recognizing the surfaces to be recognized of components having the surfaces to be 
recognized brought into the recognizable range of the recognition unit from among the plurality of 
components held by the plurality of component holding members^ ift -during respective movement 
of the plurality of component holding members in the one direction and in the reverse direction. 
[0048] According to a 34-st -thirtv-first aspect of the present invention, there is provided a 

component recognizing apparatus comprising: 

a plurality of component holding members which is adapted to hold a plurality of 
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components having surfaces to be recognized e£-at_different heights; 

a recognition unit over which the plurality of component holding members are 
capable of moving in one direction and in a reverse direction opposite to the one direction and, after 
being moved in the one direction, are meved- capable of moving in the reverse direction opposite to 
the one direction with heights e £at which are located the plurality of component holding members 
being changed, and which is adapted to perform imaging of ati -each of the plurality of components 
held by the plurality of component holding members in- during respective movement of the 
plurality of component holding members in the one direction and in the reverse direction; and 

a control unit which is adapted to recognize the surfaces to be recognized of only 
components having the surfaces to be recognized brought into a recognizable range of the 
recognition unit^ from among the plurality of components. 

Brief Description Of Drawings 

[0049] These and other aspects and features of the present invention will become clear 

from the following description taken in conjunction with the preferred embodiments thereof with 
reference to the accompanying drawings, in which: 

[0050] FIG. 1 is a perspective view of a component mounting apparatus showing a first 

embodiment of the present invention; 

[0051] FIGS. 2A, 2B, 2C and 2D are explanatory drawings for explaining a positioning 

operation mode of the component mounting apparatus of FIG. 1 ; 

[0052] FIG. 3 illustrates a first p rior art 1 and is a perspective view of a component 

mounting apparatus thereof ; 

[0053] FIGS. 4A, 4B and 4C are explanatory drawings for explaining a positioning 

operation mode of the component mounting apparatus of the first prior art ; 
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[0054] FIG. 5 illustrates a second p rior art 2 and is a perspective view of a component 

mounting apparatus thereof ; 

[0055] FIG. 6 is an explanatory drawing for explaining a positioning operation mode of the 

component mounting apparatus of the second prior art ; 

[0056] FIG. 7 is a general perspective view of component mounting equipment showing 

an embodiment of the present invention; 

[0057] FIGS. 8A, 8B, 8C, 8D, 8E, 8F and 8G are views illustrating examples of 

components to be recognized; 

[0058] FIG. 9 is a block diagram illustrating a positioning control configuration of a 

component mounting apparatus according to a second embodiment of the present invention; 
[0059] FIG. 10 is a diagram illustrating output oft-of instructive velocities in the 

component mounting apparatus according to the second embodiment of the present invention; 
[0060] FIG. 11 is a flow chart of positioning operations in the component mounting 

apparatus according to the second embodiment of the present invention; 

[0061] FIG. 12 is a flow chart of positioning operations in a component mounting 

apparatus according to a modification of the second embodiment; 

[0062] FIG. 13 is a flow chart of positioning operations in a component mounting 

apparatus according to another modification of the second embodiment; 

[0063] FIG. 14 is a diagram illustrating output en-of instructive velocities in -during the 

positioning operations of FIGS. 12 and 13; 

[0064] FIG. 15 is a diagram of ^configuration of a conventional system; 

[0065] FIG. 16 is a diagram illustrating output en— of instructive velocities in the 

conventional system; 

[0066] FIG. 1 7 is a view illustrating an example of a mechanical device; 



[0067] FIG. 1 8 is a view illustrating an example of a mechanical device; 

[0068] FIGS. 19A and 19B are views illustrating an example of a system for recognizing a 

component while moving the component; 

[0069] FIG. 20 is a diagram illustrating a basic configuration that is required for 

component recognition processes in an electronic component mounting apparatus of a third 
embodiment of the present invention; 

[0070] FIG. 21 is a diagram illustrating a basic configuration that is required for 

component recognition processes in an electronic component mounting apparatus of a fourth 
embodiment of the present invention; 

[0071] FIG. 22 is a diagram illustrating a basic configuration that is required for 

component recognition processes in an electronic component mounting apparatus; 
[0072] FIG. 23 is a perspective view of a head unit of the electronic component mounting 

apparatus of the third and the fourth embodiments; 

[0073] FIG. 24 is a general perspective view of component mounting equipment showing 

a prior art; 

[0074] FIG. 25 is a block diagram illustrating relations between a control unit and a drive 

device and the like in the component mounting apparatus of the first embodiment and the second 
embodiment; 

[0075] FIG. 26 is a block diagram illustrating relations between a control unit and a drive 

device and the like in the component mounting apparatus of the third embodiment and the fourth 
embodiment; 

[0076] FIG. 27 is a flow chart of recognizing operations in the third embodiment; and 

[0077] FIG. 28 is an explanatory drawing for explaining a positioning operation mode 

according to another embodiment of the present invention. 
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Best Mode for Carrying Out the present invention Detailed Description of the Preferred 
Embodiments 

[0078] Before the-description of the present invention proceeds, it is to be noted that like 

parts are designated by like reference numerals throughout the accompanying drawings. 
[0079] Embodiments of the present invention will now be described in detail with 

reference to the drawings. 

First Embodiment: 

[0080] Hereinbelow, ^component recognizing method and apparatus and ^component 

mounting method and apparatus according to a first embodiment of the present invention will be 
described with reference to the drawings. 

[0081] FIG. 1 illustrates the component mounting apparatus of the first embodiment of 

the present invention. 

[0082] In FIG. 1, reference numeral 1 denotes a frame that serves as a foundation e£for a 

head unit 60^ and the frame 1 is attached to a robot for driving the head unit and moves 
accompanying the robot. Numeral 2 denotes a vertical drive motor that is attached to the frame 1 
and serves as a drive source. Numeral 3 denotes a table that is engaged with a rotating shaft 
composed of a ball screw of the motor 2 and moves vertically, i.e., in a direction A or a direction 
B relative to the frame 1 with a forward or reverse rotation of the rotating shaft of the motor 2, 
and the table 3 can be controlled so as to halt m-at_an arbitrary position within a movable scope 
thereof. The table 3 corresponds to an L-type plate 318 shown in FIG. 23 that will be mentioned 
below, and-the table 3 is provided with a screwing portion which is similar to a screwing portion 
317 provided in the L-type plate 318, and the screwing portion of the table 3 is engaged with the 
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rotating shaft composed of the ball screw of the motor 2 so that the table 3 is moved up and 
down with a forward or reverse rotation of the rotating shaft of the motor 2 through the screwing 
portion of the table 3. Numerals 4 to 13 denote first to tenth cylinders which are fixed to the 
table 3 and function as drive transmitting units for selecting the-transmission of the-vertical 
movement of the table 3. Numerals 24 to 33 denote first to tenth nozzles which are supported by 
the frame 1 and have top ends capable of coming into contact with pistons of the first to tenth 
cylinders 4 to 13, upon tfre-movement of the pistons to their lowest positions^ and suck and hold 
components to be installed. Numerals 14 to 23 denote first to tenth springs which continuously 
bias the first to tenth nozzles 24 to 33 in a downward direction, i.e., in the direction A and mak e 
cause the nozzles stand -to remain still. 

[0083] A configuration of the-component mounting apparatus 500 in which the head unit 

60 is installed is shown in FIG. 7. 

[0084] In such a component mounting apparatus 500 as shown in FIG. 7, for example, 

the head unit 60 is installed on an X-Y robot 500X for moving the head unit 60 in X-Y directions, 
and suction nozzles of the head unit 60 driven by the X-Y robot 500X suck and hold components 
fed from component feeding units 500H and 5001 for the-production of a mounted board 500J 
and, after the~recognition of shapes of the components and tbe-correction of postures thereof, 
mount the components oa -onto the board 500J. Reference numeral 95 in FIG. 7 denotes a head 
unit driving motor which drives the head unit 60 in the direction of Y axis of the X-Y robot 
500X (in the direction of an arrow N in which the head unit moves (transverse direction)) so as 
to move the head unit, e.g., at constant velocity as will be mentioned below, fe-fee During 
movement in the direction of Y-axis, components sucked and held by the suction nozzles, i.e., 
the first to tenth nozzles 24 to 33^ are moved over a recognition camera 61 that will be mentioned 
below, and the components are recognized. 



[0085] FIG. 25 shows relations between a control unit and a drive device and the like in 

the component mounting apparatus of the first embodiment. In FIG. 25, reference numeral 90 
denotes a memory for image processing that captures both image data of components 
temporarily, numeral 91 denotes a memory for mounting that is stored with information 
including component data such as type, thickness, width, length, and weight of components used 
in- during component mounting, mounting order in-& e during suction and the like of components, 
types of nozzles installed in the head unit, and relations between the types of nozzles and the 
types of components (in other words, information instructing which nozzle may suck which 
component), numeral 96 denotes an image processing unit that performs recognition processing 
while controlling the recognition camera 61, and numeral 101 denotes a main controller as an 
example of the control unit. The main controller occasionally controls the image processing unit 
96 and various drive devices or members such as the motor 2 and the head unit driving motor 95. 
and calculates a quantity of correction to a positional offset of an electronic component relative 
to a position in which the electronic component is to be sucked by a nozzle, from a result of 
recognition processing obtained from the image processing unit 96. The main controller 101 
also controls various mounting operations such as feeding, suction, recognition, and installation 
of components throughout the component mounting apparatus. Reference numeral 89 in FIG. 25 
denotes a nozzle suction device that controls sucking operations of the nozzles. 
[0086] Hereinbelow, operations of the head unit 60 of the component mounting apparatus 

of the first embodiment under the-control of the main controller 101 will be described with 
reference to FIGS. 2A, 2B, 2C, and 2D. In FIGS. 2A, 2B, 2C, and 2D, only four nozzles out of 
ten, i.e., the first to fourth nozzles 24, 25, 26, and 27 , from among the first to tenth nozzles 24 to 
33-, are shown for brevity. 

[0087] In the head unit 60, forward or reverse rotational drive of the rotating shaft of the 



motor 2 provided on the-fixed frame 1 moves the table 3 vertically, motive power of the-this 
vertical movement is transmitted to nozzles corresponding to selected cylinders,, from among the 
first to tenth nozzles 24 to 33 A and the corresponding nozzles move vertically in response to the 
movement of the table 3, because driving forces of the selected cylinders^ from among the first to 
tenth cylinders 4 to 13^ overcome reactive forces of springs corresponding to the selected 
cylinders, from among the first to tenth springs 14 to 23 a in an upward direction, i.e., in a 
direction B. To be more specific, in tbe-acase that the-eighth nozzle 3 1 is moved vertically with 
#te-vertical movement of the table 3 as shown in FIG. 1, for example, the-eighth cylinder 11 is 
driven to cause #*e-abottom surface of the piston thereof to be in contact with the-atop end of 
the eighth nozzle 31^ and then the vertical movement of the table 3 causes the piston of the 
eighth cylinder 1 1 and the eighth nozzle 3 1 to move vertically as one body against the-areactive 
force of the-eighth spring 21 . Nozzles corresponding to the cylinders not selected, i.e., nozzles to 
which the-drive is not transmitted.^ are not subjected to the-transmission of the vertical movement 
of the table 3 and stand- remain still in the-same positions. 

[0088] In FIG. 2A, the first to fourth nozzles 24, 25, 26, and 27 hold components 56, 57, 

58, and 59 having different heights and fed from component feeding units such as component 
feeding cassettes, and shapes, positions, and the like of the components are recognized with the 
recognition camera 61 as an example of a recognition unit in the order of the component 56, then 
the component 57, then the component 58, and then the component 59 while the head unit 
driving motor 95 (see FIG. 2A) 2 in the robot for driving the head unit^ drives the head unit 60 to 
move continuously, e.g., at constant velocity in the direction of the arrow N in which the head 
unit moves (transverse direction). At this time, in order that a surface to be recognized, e.g., the 
bottom surface of the compon e nts component 56 of which the shape is to be firstly recognized^ 
may come into a recognizable range L at the-commencement of the-recognition, the table 3 of the 



head unit 60 is moved vertically by the drive of the motor 2 and then a cylinder for the first 
nozzle 24 shown in FIG. 1 drives and lowers its piston to its lowest position so that the vertical 
movement of the table is transmitted to the first nozzle 24 and the position of the first nozzle 24 
is adjusted in a direction A or in a direction B in FIG. 2A. Then the shape of the component 56 
sucked and held by the first nozzle 24 remaining in the-its adjusted position is recognized. 
Reference numeral 96 in FIG. 2A denotes sliders for guiding the movement of the head unit 60 
in the direction of the arrow N in which the head unit moves (transverse direction). With 
forward or reverse rotation rotational drive of the head unit driving motor 95, the frame 1 
screwed with a rotating screw shaft of the head unit driving motor 95 can be rectilinearly 
reciprocated in the direction of the arrow N while guided by the sliders 96. 
[0089] In th e For recognition of the component 57 sucked and held by the second nozzle 

25 in FIG. 2B, upon tbe-termination of the-shape recognition of the component 56, raising the 
table 3 of the head unit 60 in the-direction B with the drive of the motor 2 moves the second 
nozzle 25 upward in the-direction B so as to place the-abottom surface of the component 57 into 
the recognizable range L, because the bottom surface of the component 57 is lower than that of 
the component 56. This raising operation is performed prior to the shape recognition of the 
component 57, and the bottom surface of the component 57 is in the recognizable range L of the 
recognition camera 61 at the-commencement of the shape recognition of the component 57, so 
that the shape recognition of the component 57 can be performed appropriately. 

[0090] In th e For recognition of the-component 58 sucked and held by the third nozzle 26 

in FIG. 2C, upon the-termination of the shape recognition of the component 57, lowering the 
table 3 of the head unit 60 in the-direction A with the-drive of the motor 2 moves the third nozzle 

26 downward in the-direction A so as to place the-abottom surface of the component 58 into the 
recognizable range L, because the bottom surface of the component 58 is higher than that of the 



component 57. This lowering operation is performed prior to the-shape recognition of the 
component 58, and the bottom surface of the component 58 is in the recognizable range L of the 
recognition camera 61 at the-commencement of the shape recognition of the component 58, so 
that the shape recognition of the component 58 can be performed appropriately. 
[0091] In th e For recognition of the-component 59 sucked and held by the fourth nozzle 

27 in FIG. 2D, upon the-termination of the shape recognition of the component 58, raising the 
table 3 of the head unit 60 in the-direction B with the-drive of the motor 2 moves the fourth 
nozzle 27 upward in the-direction B so as to place the-abottom surface of the component 59 into 
the recognizable range L, because the bottom surface of the component 59 is lower than that of 
the component 58. This raising operation is performed prior to the-shape recognition of the 
component 59, and the bottom surface of the component 59 is in the recognizable range L of the 
recognition camera 61 at the-commencement of the shape recognition of the component 59, so 
that the shape recognition of the component 59 can be performed appropriately. 
[0092] After that, the-bottom surfaces of components sucked and held by other nozzles 

not shown in FIGS. 2 A, 2B, 2C, and 2D are constantly adjusted and placed into the recognizable 
range L in the same way for the-component recognition, by vertical movement of the table 3 of 
the head unit 60 in the-direction A or in the-direction B^ according to the-ajieight of the-a 
concerned component, between the-termination of the-shape recognition of a component 
preceding the concerned component and the-commencement of the-shape recognition of the 
concerned component, so that the-shapes of the components can be recognized continuously. 
[0093] Upon the-accomplishment of the- this imaging, the image processing unit 96 

performs recognition processings on the basis of image data, of en-electronic components imaged 
by the recognition camera 61. After that, postures of the components sucked and held by the 
nozzles are corrected on the basis of the-aj-esult of the recognition processing and then the 
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components are installed (mounted) knat predetermined positions on an object to be installed,, 
such as a board. 

[0094] In th e For correction of the-postures of the components, the frame 1 is provided 

with a 9-direction driving motor 215 for correction in ^rotational direction about nozzle shafts, 
i.e., in a direction 9, and forward or reverse rotation of a gear wheel 215a on a rotational shaft of 
the 9-direction driving motor 215 causes advance or retreat movement in ajransverse direction 
of a rack 216 meshing with the gear wheel 215a and thereby causes forward or reverse rotations 
of gear wheels 217 fixed to the nozzles, so that all the nozzles can be rotated forward forwardly 
or reversely in unison in the direction 9. 

[0095J A working example of the first embodiment is such an electronic component 

mounting apparatus as shown in FIG. 1, which vertically moves ten nozzles to perform 
continuous shape recognition of a maximum of ten electronic components having different 
heights and mounts efl -onto a board a maximum of ten electronic components recognized and 
having different heights. Components of which shapes are recognized have heights, e.g., ranging 
from about one to a maximum of twenty five millimeters and, accordingly, vertical positions of 
the ten nozzles 24 to 33 are respectively controlled by the ene-motor 2 and by the ten s e l e ctiv e 
cylinders 4 to 13. The-A width of the recognizable range L in the direction of the heights is, for 
example, 0.5 mm, and therefore a mechanism that controls the-positions with a resolution of 0.01 
mm or higher can be realized. 

[0096] In accordance with the first embodiment, shapes, heights, and the like of the 

components 56 to 59 of which surfaces to be recognized have -are at different heights can be 
continuously recognized by moving the nozzles 24 to 33 of the head unit 60 vertically in general 
under the-control of the main controller 101 during the-component shape recognition in the 
component mounting apparatus, according to (he-heights e£ -at which t he surfaces to be 



recognized of the components to be recognized 56 to 59 are located . This arrangement 
eliminates the-repetition of a component recognizing operation in which, for example, only 
components having surfaces to be recognized e£-atsimilar heights are held and recognized and, 
with this arrangement, components having surfaces to be recognized e£-at different heights can 
be held at the same time and component recognizing operations can be performed continuously, 
regardless of the heights e£~ at which the surfaces to be recognized are located , so that an 
improvement in component mounting tact time (mounting process time) can be achieved. That 
is, even though the surfaces to be recognized of the components 56 to 59 held by a plurality of 
nozzles 24 to 33 cannot be accommodated all at once in the recognizable range L of the 
recognition camera 61, the-components having the surfaces to be recognized el^at different 
heights can be held at the same time and component recognizing operations can be performed 
continuously, by moving each of the nozzles 24 to 33 of the head unit 60 vertically so that each 
of the surfaces to be recognized of the components 56 to 59 comes into the recognizable range L. 
[0097] B e sid e s, th e adjustm e n t Adjustment of heights ei^at which components are 

located is achieved by the motor 2, i.e., a single drive unit, though such adjustment 
conventionally has required drive units of which the-ajiumber of drive units corresponds to the-a 
number of nozzles, and thus the-cost and the-weight of the apparatus can be reduced. 
[0098] A surface of a component to be recognized by the recognition camera 61 is not 

confined to a bottom surface of the component. Examples of such a surface are as follows. In a 
component having protruding electrodes shaped like balls on its bottom surface, such as BGA 
(Ball Grid Array) and CSP (Chip Size Package) shown in FIGS. 8 A and 8B, its surface to be 
recognized is not the-abottom surface of a main body of the component but the balls themselves, 
and therefore it is necessary to detect the-heights (in the-acase of three-dimensional recognition 
camera) or shapes (in the-a_case of two-dimensional recognition camera) of the balls. In a 
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component having leads extending from a main body thereof, such as QFP (Quad Flat Package) 
shown in FIGS. 8C 5 8D 5 and 8E, its surface to be recognized is not the-aLbottom surface of the 
main body of the component but the vicinity of tips of the leads, and therefore it is necessary to 
detect the-heights (in the-acase of three-dimensional recognition camera) or shapes (in the-acase 
of two-dimensional recognition camera) of the leads. In such a chip component as shown in 
FIGS. 8F and 8G, its surface to be recognized is the-abottom surface of a main body of the 
component, and therefore it is necessary to detect the-height (in the-a^case of three-dimensional 
recognition camera) or shape (in the-a_case of two-dimensional recognition camera) of the 
bottom surface of the main body of the component. In this manner, surfaces to be recognized of 
components to be recognized, e.g., the-aball portion, the-ajead portion, and the-abottom surface 
of the components may be situated in-atthoroughly different positions, even though surfaces of 
the components which are to be sucked by the nozzles, i.e., top surfaces of the components are 
situated at the same height. In accordance with the first embodiment, surfaces to be recognized 
of which the- location heights exhibit a variation can be recognized thoroughly in- during one 
operation of recognition. 

Second Embodiment: 

[0099] Hereinbelow, a second embodiment of the present invention will be described 

with reference to the drawings. 

[00100] In th eFor recognition of the-ajieight ef^ at which a surface to be recognized of a 
component is located in the first embodiment, the height e£ at which the surface to be recognized of 
the component is located is required to be altered by a vertical movement in the event that the height 
ef- at which t he surface to be recognized of the-a_sucked component is located differs from that of 
the-a_formerly recognized component, and apositioning control apparatus and method according to 



the second embodiment of the present invention are capable of detecting accurately s tart timingj a 
starting time of driving the-vertical movement, i.e., positioning tkftm g time . That is, the positioning 
control apparatus and method are such that an actuator, such as a servo motor corresponding to the 
motor 2 of the drive unit is driven to control the-a_position of a load by a ball screw or the like 
serving as a rotating shaft of the motor 2^ and a velocity curve is produced for the-positioning 
control with parameters, for example, of a target position, i.e., a height position where a surface to 
be recognized of a component is to be positioned by vertical movement of the surface, a maximum 
velocity kh4h ^during movement up to the target position, and a maximum acceleration in-fee during 
movement up to the target position. The positioning control apparatus and method are suitable for 
the component recognizing apparatus and methods and the component mounting apparatus and 
methods according to the first embodiment. 

[00101] In other words, the positioning control apparatus and method according to the 
second embodiment are inexpensive and are capable of reducing a delay in the-a_detection of 
start timin g a starting time of ^positioning operation^ and starting the-vertical movement with at 
an arbitrary #mift g time , by providing parameters of a positioning operation starting position and 
the-specification of a shaft to be positioned and starting a positioning operation automatically 
upon the-arrival at the positioning operation starting position of the shaft specified by the 
provid e d shaft specification. 

[00102] Herein, the term "operation starting position" refers to a position iffnat which 
timing is provided for starting a vertical positioning operation to bring to within a recognizable 
range a surface to be recognized that is moving in atransverse direction, i.e., in N-direction in FIGS. 
2A, 2B, 2C, and 2D, that is to say, a vertical drive starting position. When the-component 56 on 
the first nozzle 24 reaches a position in N-direction where the-recognition is completed, for 
example, m -d tiring the transverse movement in N-direction, a vertical positioning operation for 
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the second nozzle 25 is started to make a movement to a vertical position where fee-component 
57 on the second nozzle 25 can be recognized. The term "shaft specification" refers to 
specifying an actuator in N-direction. The term "to provide parameter" refers to notifying a shaft 
specification from the main controller 101 to a positioning controller 102. 
[00103] In th e For operation in vertical direction, the positioning control apparatus 
according to the second embodiment of the present invention produces,, during the vertical 
movement^ a velocity curve fe-fe e during vertical movement of fee-a_selected component holding 
member with parameters of a target position in fee-a_direction of height at the-ajime when the 
vertical movement of the selected component holding member is controlled by measis -virtue of 
the drive unit so as to position a surface to be recognized of the component within a recognizable 
range of the recognition unit, a maximum velocity in -during the vertical movement of the selected 
component holding member up to fee-ajarget position, and a maximum acceleration fe -during t he 
vertical movement of the selected component holding member up to the target position, and 
automatically starts fee-apositioning operation of the selected component holding member driven 
by the drive unit on the basis of the velocity curve in response to a positioning operation starting 
instruction upon fee—arrival at the positioning operation starting position of the selected 
component holding member moving transversely toward the recognition unit, so that the vertical 
operation can be started at an arbitrary feftfeg- time without delay in detection. Herein, the term 
"target position" refers to a terminal position of fee-vertical movement, for example, a position in 
the direction of height in which the component 57 on the second nozzle 25 can be recognized, in 
fee during ascent from fee-a_position for the first nozzle 24 to fee-a_position for the second nozzle 
25. A positioning control apparatus according to a first aspect of the present invention is provided 
with parameters of a positioning operation starting position and a shaft specification^ and 
automatically starts a positioning operation in response to a positioning operation starting 
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instruction and upon the-arrival at the positioning operation starting position of a shaft specified 
by the provid e d shaft specification. 

[00104] This arrangement ensures a positioning in which an arbitrary positioning 
operation starting tkning -time is provided accurately and in an inexpensive manner. 
[00105] A positioning control apparatus according to a second aspect of the present 
invention is provided with parameters of a plurality of target positions and a plurality of 
positioning operation starting positions of the first aspect^ and automatically starts a positioning 
operation in response to a positioning operation starting instruction and upon the-arrival at the 
positioning operation starting positions of a shaft specified by the-provided shaft sp e cification 
specifications, and executes a plurality of positioning operations. 

[00106] This arrangement ensures positioning in which an arbitrary positioning operation 
starting timbre-time is provided a plurality of times accurately and in an inexpensive manner, and 
ensures continuous positioning. 

[00107] A positioning control apparatus according to a third aspect of the present invention 
has the second aspect provided with parameters of a plurality of positioning operation ending 
positions and detects the-normal accomplishment of individual positioning operations kh during a 
continuous operation. 

[00108] This arrangement ensures the— detection of the— normal accomplishment of 
individual positioning operations ia -during a continuous positioning operation and ensures an 
instantaneous suspension upon the-occurrence of an abnormal condition. 

[00109] In a positioning control apparatus according to a fourth aspect of the present 
invention, an electronic component mounting apparatus is provided with the positioning control 
apparatus of the first aspect. 

[00110] In a positioning control apparatus according to a fifth aspect of the present 
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invention, an electronic component mounting apparatus is provided with the positioning control 
apparatus of the second aspect. 

[00111] In a positioning control apparatus according to a sixth aspect of the present 
invention, an electronic component mounting apparatus is provided with the positioning control 
apparatus of the third aspect. 

[00112] FIG. 9 is a block diagram illustrating a positioning control configuration that can 
be applied to the component mounting apparatus according to the second embodiment of the 
present invention. As shown in FIG. 9, this positioning control configuration has: a main 
controller 101 for outputting instructions of a target position (Pt) of a load, a maximum velocity 
(Vmax) ift- a during movement up to the target position, a maximum acceleration (amax) m-et during 
movement up to the target position, a positioning operation starting position (Pa), a shaft 
specification (A), and a positioning operation starting instruction (C); a positioning controller 
102 that calculates a velocity curve on the basis of the-provided instructions to output an 
instructive velocity and functions as an example of a first control unit; servo drivers 103 and 106 
that drive and control servo motors on the basis of the provided instructions and function as an 
example of a second control unit (for example, a transverse movement servo driver 103 
(subjected to a positioning control in transverse movement) and a vertical drive servo driver 106^ 
both for a plurality of suction nozzles (suction nozzles 211 in FIG. 17 that will be mentioned 
below and suction nozzles 24 to 33 in FIG. 18 that will be mentioned below) as an example of a 
plurality of component holding members); servo motors 104 and 107 attached to mechanical 
devices (e.g., a transverse movement servo motor 104 and a vertical drive servo motor 107 for a 
plurality of suction nozzles (corresponding to, for example, the head unit driving motor 95 and 
the vertical drive motor 2 of the first embodiment, a transverse movement servo motor and a 
vertical drive actuator 212 in FIG. 17 that will be mentioned below, and a transverse movement 
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servo motor and a vertical drive motor 2 in FIG. 18 that will be mentioned below)); and 
mechanical devices 105 and 108 to be finally positioned. 

[00113] This configuration will be specifically described in correspondence to the first 
embodiment as follows. For the main controller 101, a target position (Pt) of a load in a vertical 
movement device for the nozzles (a device composed of the motor 2, the table 3, the first to tenth 
cylinders 4 to 13, and others) is a target position at the-ajime when the-vertical movement of the-a 
selected component holding member such as a nozzle is controlled by means -virtue of the drive 
unit so as to position a surface to be recognized of the component within a recognizable range of 
the recognition unit, and a target position (Pt) of a load in a transverse movement device for the 
nozzles, i.e., a transverse movement device for the head unit (a device composed of the 
transverse movement motor and others) is a vertical drive starting position for the-recognition of a 
surface to be recognized of the component within a recognizable range of the recognition unit, that 
is, a vertical drive starting position for the selected nozzle. A maximum velocity (Vmax) in-a 
during movement up to the target position is a maximum velocity in4he during vertical movement 
or the-transverse movement of the selected nozzle up to the target position. A maximum 
acceleration (otmax) in- a during movement up-to the target position is a maximum acceleration in 
th e during vertical movement or the transverse movement of the selected nozzle up-to the target 
position. The positioning operation starting position (Pa) is a starting position of a positioning 
operation in the direction of height and in the-ajransverse direction of the selected nozzle driven 
by the motor 2 and the transverse movement motor. The shaft specification (A) is the selection of 
the selected nozzle. The positioning operation starting instruction (C) is a starting instruction of a 
positioning operation in the direction of height and in the transverse direction of the selected 
nozzle driven by the motor 2 and the transverse movement motor. 

[00114] The above-mentioned term "load" refers to an actuator and its mechanical device 



that move the frame 1, which is a base of the table 3, as a load in the transverse direction, i.e., in 
horizontal direction (in the N-direction). That is, the load in the device for the transverse 
movement, i.e., the movement in the right-and-left direction is the frame 1, and the load in the 
device for the vertical movement is the table 3. The positioning controller 102 calculates 
velocity curves in- during both the vertical movement and the transverse movement of the selected 
nozzle on the basis of #*e-instructions provided by the main controller 10U and outputs velocity 
instructions based on the- these calculated velocity curves. The servo drivers 103 and 106 drive 
and control the servo motors on the basis of the-velocity instructions provided by the positioning 
controller 102^ and correspond to the transverse movement servo driver 103 and the vertical 
drive servo driver 106 for a plurality of suction nozzles 24 to 33 as an example of a plurality of 
component holding members. The servo motors 104 and 107 attached to the mechanical devices 
correspond to the transverse movement servo motor and the vertical drive motor 2 for a plurality 
of suction nozzles. The mechanical devices 105 and 108 to be finally positioned correspond to 
the transverse movement device for transverse movement and the vertical movement device for 
the suetien-nozzles. 

[00115] Operations of the-calculation of the velocity curves and of the-output of tke-an 
instructive velocity that are executed by the positioning controller 102 will be described below with 
reference to FIGS. 10 and 1 1 . 

[00116] The main controller 101 initially outputs for the transverse movement driver 103 
instructions of a target position for tbe-transverse movement, a maximum velocity (V103max), and 
a maximum acceleration (al03max) without providing instructions of a positioning operation 
starting position and a shaft specification (the-selection of a nozzle) for the driver 103, outputs for 
the vertical driver 106 instructions of a positioning operation starting position and a shaft 
specification and instructions of a target position for the-vertical drive, a maximum velocity 
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(V106max), and a maximum acceleration (al06max), and outputs a positioning operation starting 
instruction. The positioning controller 102 is then switched from a status (a step #1 in FIG. 1 1) in 
which the controller 102 is waiting for a positioning operation starting instruction to fee-following 
step #2, and determines whether there is a shaft specification or not (fee-step #2 in FIG. 1 1). 
[00117] In the n e xt place Next , the transverse movement driver 103 has no shaft 
specification and therefore goes from fee-step #2 in FIG. 1 1 to a step #3 in FIG. 11, and velocity 
instruction setting the maximum velocity (V103max) and the maximum acceleration (al03max) is 
outputted for the transverse movement driver 103 (fee-step #3 in FIG. 11). On the basis of the 
velocity instruction setting the maximum velocity (V103max) and the maximum acceleration 
(<xl03max), the transverse movement driver 103 drives and controls the transverse movement servo 
motor to control fee-transverse movement of each nozzle up to the target position that is a specified 
vertical drive starting position, and holds fee-aposture of each nozzle that can be recognized by the 
recognition camera 61. 

[00118] In th e next place Next , the vertical driver 106 has a shaft specification that specifies 
a nozzle to be selected for selecting a nozzle to be vertically driven from among a plurality of 
nozzles^ and therefore goes from fee-step #2 in FIG. 1 1 to a step #4 in FIG. 1 1, and waits for fee-a 
specified shaft, i.e., fee-iLselected nozzle to reach the positioning operation starting position (the 
step #4 in FIG. 1 1). Whether the nozzle has reached the positioning operation starting position or 
not can be detected by the positioning controller 102. That is, the positioning controller 102 
controls the servo driver 103 for fee-positioning fe-fee of transverse movement in the N-direction, 
and therefore, the position in the N-direction and the positioning operation starting position can be 
detected by the positioning controller 102. 

[00119] When the selected nozzle then reaches the positioning operation starting position, 
velocity instruction setting the maximum velocity (V106max) and the maximum acceleration 
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(al06max) is outputted for the vertical driver 106 (the^step #5 in FIG. 1 1). Then, on the basis of the 
velocity instruction setting the maximum velocity (V106max) and the maximum acceleration 
(al06max), the vertical driver 106 drives and controls the vertical drive servo motor 2 to control the 
vertical movement of each nozzle to a specified height as the target position so that the-asurface to 
be recognized of the-a_component sucked by tke-a_concerned nozzle comes into the recognizable 
range L of the recognition camera 6 1 . 

[00120] After that, the positioning controller 102 is brought into the-a_status (the-step #1 in 
FIG. 1 1) in which the following positioning operation starting instruction is waited for. That is, an 
instruction of the-vertical movement or the-transverse movement for a nozzle next selected in th e 
next place is waited for in the status. 

[00121] With this configuration, &e-aLpositioning operation of each selected nozzle can be 
started accurately and in an inexpensive manner with arbitrary timing. 

[00122] In accordance with the second embodiment, the positioning operation for the~a 
selected component holding member driven by the drive unit on the basis of the velocity curve is 
started automatically with a positioning operation starting instruction, upon the-arrival at a 
positioning operation starting position of the selected component holding member that has been 
moving transversely toward the recognition unit, and therefore, the positioning operation can be 
started accurately and in an inexpensive manner with arbitrary timing. 

[00123] The present invention is not limited to the above embodiments but may be 
implemented in other various forms. 

[00124] For example, a plurality of parameters of target positions and positioning operation 
starting positions may be provided for executing processes shown in FIG. 12. That is, a positioning 
operation may be started from one positioning operation starting position in a step #6, whether the 
positioning operation has been completed or not may be thereafter detected, and an advanc e 
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advancement to a step #7 may be made only if the positioning operation has been completed. If 
there is the-a_next target position, a return to a step #4 may be made and a positioning operation may 
be started from the-ajiext positioning operation starting position. If there is not the next target 
position in the-step #7, a return to a step #1 may be made. With this arrangement, as shown in FIG. 
14, continuous positioning operations can be executed accurately and in an inexpensive manner 
with arbitrary timing. 

[00125] On the other hand, a plurality of positioning operation ending positions may be 
added for executing processes shown in FIG. 13. That is, a positioning operation is started from a 
positioning operation starting position in a step #6, whether the positioning operation has been 
completed or not is thereafter detected. If the positioning operation has not been completed, 
whether a positioning operation ending position has been reached or not is detected in a step #8. If 
the positioning operation ending position has not been reached, a return to the-step #6 is made. If 
the positioning operation has not been completed and the positioning operation ending position has 
been reached in the-step #8, the-a_detection of an abnormality is notified in a step #9. An advance to 
a step #7 may be made only if the positioning operation ending position has been reached in the-step 
#6. If there is the-a_next target position, a return to a step #4 may be made. If there is not the next 
target position, a return to a step #1 may be made. With this arrangement, the fact that each 
positioning operation, of m continuous positioning operations^ has normally been dene -completed 
can be detected. In this process, whether the positioning operation has been completed or not is 
judged (detected) according to the-termination of output of the-an instructive velocity or with an 
encoder (position detector) installed in the servo motor 104. Whether the positioning operation 
ending position has been reached or not is judged by controlling the vertical movement servo driver 
106 in accordance with the-aposition in N-direction. In other words, an ascent to a position for the 
recognition of the second nozzle 25 is made in a position in N-direction (for example, a recognition 



ending position for the first nozzle 24), and whether the ascent has been completed before another 
position (e.g., a recognition starting position for the second nozzle 25) is judged. If the ascent has 
not been completed, an abnormality is detected (as a situation in which recognition is impossible). 
[00126] With such a positioning control apparatus provided for or applied to the-an 
electronic component mounting apparatus^ such as in_the first embodiment^ that requires positioning 
at high speed with high accuracy, positioning operations can be started accurately and in an 
inexpensive manner with arbitrary timing; however, it is needless to say that the-application is not 
limited to the above. 

[00127] The second embodiment can be applied not only to a component mounting 
apparatus and method but to a_j)ositioning control apparatus and method for driving a plurality of 
actuators such as servo motors^ and controlling positions of loads by aball screw or the like, so that 
positioning operations can be started accurately and in an inexpensive manner with arbitrary timing. 
That is, an apparatus for driving a plurality of actuators such as servo motors and controlling 
positions of loads by a_ball screw or the like can be configured so that the apparatus has the 
functions of producing a velocity curve with component recognizing apparatus parameters of a 
target position, a maximum velocity in the during movement up to the-a_target position? and a 
maximum acceleration m4he during movement up to the target position, and starting a positioning 
operation in response to a positioning operation starting instruction , param e ters . Parameters of a 
positioning operation starting position and a shaft specification are provided, a positioning 
operation is automatically started upon the— provision of a positioning operation starting 
instruction and upon the-arrival at the positioning operation starting position of a shaft specified 
by the provided shaft specification, and the-positioning is thereby executed with arbitrary timing. 
[00128] That is to say, in the-a_case that timing for starting the-positioning of one load must 
be provided according to the-position of th e oth e r another load,, and the timing for starting the 



positioning must be changed in-fe e during positioning control for driving actuators such as servo 
motors and controlling the-positions of loads by aball screw or the like, the-a_positioning operation 
of the other load is automatically started upon the-arrival of the position of one load at a positioning 
operation starting position, and a delay in detection is thereby reduced and the positioning operation 
can be started in an inexpensive manner with arbitrary timing. In the-acase that timing for starting 
the positioning of one load must be provided according to the position of the other load, for example, 
when the-operations of vertical movement and movement in atransverse direction, i.e., in aright- 
and-left direction^ are made by means- virtue of the servo drivers 103 and 106, the motors 104 and 
107, and the mechanical devices 105 and 108, the position in the right-and-left direction changes 
with the-sizes of components in the-a_direction of height of the components,, and in the-direction of 
fee-movement to above the recognition device. : fte-A timing for starting the vertical movement 
accordingly changes and, therefore, the-atiming for starting the-positioning of the other load, e.g., in 
the vertical direction must be provided according to the position of one load, e.g., in the right-and- 
left direction in some cases. 

[00129] As a result, a delay in detection can be reduced and a positioning control by which 
positioning operations are started in an inexpensive manner with arbitrary timing can be executed, 
by providing parameters of a positioning operation starting position and a shaft specification^ and 
starting automatically a positioning operation upon the-arrival at the positioning operation 
starting position of a shaft specified by the provided shaft specification. 

[00130] In such a configuration, a plurality of parameters of target positions and 
positioning operation starting positions may be provided so that continuous positioning 
operations can be executed accurately and in an inexpensive manner with arbitrary timing. 
[00131] In such a configuration, furthermore, a plurality of positioning operation ending 
positions may be added so that the-normal completion of each positioning operation in- during 
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continuous positioning operations can be detected. 

[00132] In accordance with the second embodiment, the following issues can be resolved. 
[00133] Conventionally, such a positioning control arrangement for a load, as shown in 
FIG. 15, is provided withi a main controller 201 for outputting a target position (Pt) of a load, a 
maximum velocity (Vmax) up to the target position, a maximum acceleration (amax) up to the 
target position, and a positioning operation starting instruction (C) ? _; a positioning controller 202 
that outputs an instructive velocity on the basis of the-provided instructions r i_a servo driver 203 
that drives and controls a servo motor on the basis of the-aj)rovided instructive velocity-i_a servo 
motor 204 attached to a mechanical device—^and a mechanical device 205 to be finally 
positioned, and the positioning controller 202 is configured so as to output an instructive velocity 
on the basis of the provided instructions, as shown in FIG. 16. 

[00134] As shown in FIG. 17, an electronic component mounting apparatus equipped with 
such a positioning apparatus for a load includes a plurality of component suction nozzles 211,..., 
211 that suck and hold electronic components at component feeding units, such as component 
feeding cassettes, and install the components en-at installation positions on boards, and the 
plurality of component suction nozzles 211, ...,211 is provided with actuators 212, 212 such as 
servo motors serving as vertical movement devices^ and a transverse movement device having a 
transverse movement servo motor A. 

[00135] In recent years, particularly, mounting at high speed with high accuracy has been 
demanded, and there have been provided devices which recognize a plurality of components and 
install the components at a high speed by recognizing with a recognition unit 211 th e 221 a shape 
and suction posture of a component 220 sucked and held by a nozzle while moving the nozzle or the 
like in the direction of an arrow, as shown in FIGS. 19A and 19B. 

[00136] In th e For recognition of the-height ef-at which a surface to be recognized of a 



componen t is located , however, the height ef- at which the surface to b e r e cogniz e d o f is located 
when the component &at-is moving is altered by a vertical movement device each time the height ef 
at which the surface to be recognized of the sucked component is located differs from that of the 
formerly recognized component. This operation requires means -a device for detecting the-a 
positioning timing of the vertical movement device, and a variation in the-timing for each 
component makes the means -device complicated and expensive and impedes a speed-up by a delay 
in the-detection. 

[00137] According to the second embodiment, by contrast, means- a device for detecting the 
a_positioning timing of the vertical movement device is not required. Besides, positioning can be 
executed with arbitrary timing by producing a velocity curve with component recognizing 
apparatus parameters of a target position, a maximum velocity in-ihe during movement up to the 
target position, and a maximum acceleration ia-th e during movement up to the target position, 
providing the-a_function of starting the-a^positioning operation in response to a positioning 
operation starting instruction, providing parameters of a positioning operation starting position 
and a shaft specification, and starting the positioning operation automatically upon the-provision 
of a positioning operation starting instruction and upon the-arrival at the positioning operation 
starting position of a shaft specified by the provided shaft specification, and therefore, 
positioning operations can be started accurately and in an inexpensive manner with arbitrary timing. 
[00138] In the For recognition of the-ajieight ef- at which a surface to be recognized of a 
component is located, particularly in a component mounting apparatus which has an increased 
number of nozzles for the-a_purpose of achieving a speed-up as described in- with regard to the first 
embodiment and as shown in the-FIG. 18^ and which is equipped with actuators 14 to 33 for making 
vertical movement operation operations collectively and an actuator for making a transverse 
movement operation, e.g., a servo motor for transverse movement in an XY robot unit for driving a 



head unit, means -a device for detecting #ie-a_positioning timing of a vertical movement device is not 
required and positioning operations can be preferably started accurately and in an inexpensive 
manner with arbitrary timing, when tfee-a_height ef-at which a surface is located to be recognized of 
a component that is moving is altered by the vertical movement device each time the height ef-at 
which the surface is located to be recognized of the-a_sucked component differs from that of the-a 
formerly recognized component. 

Third Embodiment: 

[00139] Hereinbelow, ^component recognizing method and apparatus,, and a_component 
mounting method and apparatus according to a third embodiment of the present invention will be 
described with reference to the drawings. 

[00140] Prior to tkeniescription of the third embodiment, an object of the embodiment will 
be described. 

[00141] In recent years, high productivity in electronic component mounting apparatus for 
mounting electronic components en- onto circuit boards has been demanded with the-miniaturization 
and an increase in the-a_variety of electronic components^ and with an increase in th e count an 
amount of electronic components to be mounted. In particular, a further speed-up in the-recognition 
of electronic components and in th e position positional correction of electronic components has 
been demanded. 

[00142] There have been known electronic component mounting apparatus having a 
component feeding unit for feeding electronic components, a head unit equipped with nozzles for 
sucking and holding electronic components, a drive device for moving the head unit to a specified 
position, a component mounting area having circuit boards on which electronic components are to 
be mounted, and a recognition area equipped with a line sensor for imaging the-ajiolding status of 



electronic components. 

[00143] In such an electronic component mounting apparatus, a component recognition 
process is configured as shown in FIG. 22. In FIG. 22, reference numeral 401 denotes electronic 
components, numeral 403 denotes a head unit equipped with a plurality of nozzles 402 (four nozzles 
in FIG. 22), numeral 412 denotes an X-Y drive device for moving the head unit 403 in X-Y 
directions, numeral 413 denotes a vertical drive device for moving the nozzles 402 vertically, 
numeral 404 denotes a drive control unit for controlling the X-Y drive device 412 and the vertical 
drive device 413, numeral 405 denotes a line sensor for imaging the-a_holding status of the 
electronic components 401, numeral 406 denotes an image processing unit that performs 
recognition processing while controlling the line sensor 405, and numeral 407 denotes a main 
control unit that occasionally controls the image processing unit 406 and the drive control unit 404 
and calculates a correction quantity for a positional offset of an electronic component 401 with 
respect to a nozzle suction position on the basis of a recognition processing result obtained from the 
image processing unit 406. 

[00144] When the electronic components 401 are imaged by the line sensor 405, a height (a 
distance) from the line sensor 405 to the-a_bottom surface of an electronic component 401 is 
preferably set so as to coincide with the focus of the line sensor 405. Therefore, heights of the 
nozzles 4 03 402 are required to be set so as to be changed in accordance with shapes of the 
electronic components 401, particularly in accordance with thicknesses of the components 401. 
Herein, the height (distance) is defined as ^component holding height, and a component holding 
height that makes- causes a component to be imaged and come into the focus of the line sensor 405 
is defined as ajbcus coincident height. A component holding height can be changed by vertical 
movement of the nozzles 402 with use of the vertical drive device 413. 

[00145] Operations of a component recognizing method according to a prior art in -with such 



a configuration will be described. 

[00146] Four electronic components 401 are sucked and held by the head unit 403 equipped 
with four nozzles 402 2 and the head unit 403 is moved to a start position in the-a_recognition area 
equipped with the line sensor 405. On the basis of the control by means- virtue of the main control 
unit 407, the drive control unit 404 moves the head unit 403 at aconstant velocity in the X-direction 
over the line sensor 405 and the-ajiolding status of each of the four electronic components 401 is 
imaged, with component holding heights of the nozzles 402 set at a focus coincident height fit for 
the four electronic components 401. When the-imaging of all the electronic components 401 is 
completed, the image processing unit 406 performs recognition processing on the basis of image 
data of the imag e d electronic components 401. After that, the main control unit 407 calculates 
correction quantities with respect to mounting positions in a circuit board on the basis of the-a 
recognition processing result obtained from the image processing unit 406 and each electronic 
component 401 is installed on the circuit board. 

[00147] For imaging 4fee-a_holding status of a plurality of electronic components 401 at one 
time in -during a series of component recognition processes, however, the-use of the above- 
mentioned method has to be limited to electronic components 401 which have similar thicknesses 
when sucked and held by the head unit 403. When the-imaging is performed in a state in which 
electronic components having greatly different thicknesses exist in a plurality of electronic 
components 401 sucked and held by the head unit 403, the focus of the line sensor 405 is situated at 
a fixed height. On the other hand, component holding heights of the nozzles 403 exhibit a variation 
according to the electronic components sucked and held and having different thicknesses a and 
therefore^ some of the electronic components to be imaged are out of the focus of the line sensor 
405 and the holding status cannot be imaged accurately. 

[00148] For this reason, each group of electronic components having similar thicknesses 



must be separately subjected to all the-processes m- during component suction holding, component 
recognition, and component installation, and there arises an issue in the-productivity of component 
mounting because of an extra time for the-movement of the head unit 403 and the-an occurrence of 
empty nozzles which are sucking no components. 

[00149] In view of the above-mentioned issue, it is an object of the third embodiment to 
permit a series of component recognition operations to be made at one time and accurately with 
electronic components having different thicknesses sucked and held by the head unit and, 
consequently, to increase the-productivity of component mounting by reducing the-extra time for the 
movement of the head unit and minimizing the-an occurrence of empty nozzles. 
[00150] Hereinbelow, the third embodiment of the present invention will be described in 
detail with reference to FIG. 20. 

[00151] In FIG. 20, reference numerals 301 and 310 denote electronic components, numeral 
303 denotes a head unit equipped with a plurality of suction nozzles 302 (four nozzles in FIG. 20) 
as an example of component holding members, numeral 312 denotes an X-Y drive device 
(corresponding to the X-Y robot 500X in the first embodiment) for moving the head unit 303 in X- 
Y directions, numeral 313 denotes a vertical drive device for moving the nozzles 302 vertically, 
numeral 304 denotes a drive control unit for controlling the X-Y drive device 312 and the vertical 
drive device 313, numeral 305 denotes a line sensor as an example of a recognition unit for 
imaging the-ajiolding status of the electronic components 301 and the electronic component 310, 
numeral 306 denotes an image processing unit that performs recognition processing while 
controlling the line sensor 305, and numeral 307 denotes a main control unit that occasionally 
controls the image processing unit 306, the drive control unit 304, and various drive devices or 
members, and calculates correction quantities for positional offsets of the electronic components 
301 and the electronic component 310 with respect to nozzle suction positions on the basis of a 
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recognition processing result obtained from the image processing unit 306. The main control unit 
307 also controls various mounting operations such as feeding, suction, recognition, and 
installation of components in the whele-component mounting apparatus as a whole . 
[00152] There is a difference in thickness, i.e., height in the-2Lvertical direction in FIG. 20, 
between the electronic components 301 and the electronic component 310. fe4he During imaging 
over the line sensor 305, accordingly, settings of component holding heights of the nozzles 302 
differ between the electronic components 301 and the electronic component 310 which are sucked 
by the nozzles 302. This means that surfaces to be recognized, e.g., bottom surfaces of the plurality 
electronic components 301 and 310 have such a variation in height that not all the surfaces are 
within a recognizable range (L) of the line sensor 305, for example, when bottom end surfaces of 
the plurality of nozzles 302 are situated at the same height. Herein, a component holding height of a 
nozzle 302 which is fit for the-imaging of the surfaces to be recognized, e.g., the bottom surfaces of 
the electronic components 30 l a is defined as afirst focus coincident height. A component holding 
height of a nozzle 302 which is fit for the-imaging of the-a^surface to be recognized, e.g., the bottom 
surface of the electronic component 310 is defined as ^second focus coincident height. 
[00153] The component holding heights of the nozzles 302 are made variable according to 
sucked and held electronic components with different thicknesses, for tbe-a_purpose of correcting to 
a focus coincident height the component holding heights of nozzles 302 having sucked and having 
held electronic components of which the bottom surfaces as an example of surfaces to be 
recognized do not coincide with the focus of the line sensor 305~i_that is, reside nearer or farther 
than the focal position of the line sensor 305, according to the-thicknesses of the electronic 
components, in contrast to the focus of the line sensor 305 situated at a fixed height. In such an 
apparatus in which component holding heights are variable, the-heights can be changed by vertical 
movement of the nozzles 302 by meafts- virtue of the vertical drive device 313. Th e d e tail s Details of 



the vertical movement of the nozzles 302 and the vertical drive device 313 which are provided for 
the head unit 303 will be described later. 

[00154] A direction shown by reference character XI in FIG. 20 is a direction in which the 
head unit 303 moves at constant velocity with the nozzles 302 set at the first focus coincident height 
fit for the-scanning and imaging of the electronic components 30 1 3 and which is orthogonal to a 
longitudinal direction of the line sensor 305. A direction shown by reference character X2 in FIG. 
20 is a direction in which the head unit 303 moves at constant velocity with the nozzles 302 set at 
the second focus coincident height fit for the-scanning and imaging of the electronic component 310 1 
and which is a reverse direction opposite to the traveling direction XI assumed as a forward 
direction of the head unit 303 (Both the directions XI and X2 are included in X-direction.). 
[00155] A configuration and op e rations operation concerning the vertical movement of a 
plurality of nozzles 302 provided for the head unit 303 will be described below with reference to 
FIG. 23. FIG. 26 illustrates relations between the control unit and the drive device and the like in 
the component mounting apparatus of the third embodiment. 

[00156] As shown in FIG. 23, the head unit 303 is composed of ten nozzles 302, ten nozzle 
shafts 314, a vertical drive device 313, and a head unit board 315. The vertical drive device 313 has 
a vertical drive motor 316, a screw engagement section 317, an L-type plate 318 corresponding to 
the table 3 of the-former embodiments, ten coil springs 319, ten nozzle selection valves 321, 
cylinder sections 320 that correspond to the cylinders 4 to 13 of the-former embodiments and move 
vertically with ON/OFF operations of the nozzle selection valves 321, a nozzle turning timing belt 
322, and gear sections 323. The numbers of the nozzles 302, the coil springs 319, and the nozzle 
selection valves 321 which are shown in FIG. 23 are ten, respectively; however, the numbers may 
be plural in general and therefore the members will be referred to as a plurality of nozzles 302, a 
plurality of coil springs 319, and a plurality of nozzle selection valves 321 in the following 
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description. Reference numeral 89 in FIG. 26 denotes a nozzle suction device for controlling 
suction operations of the nozzles. 

[00157] In-fee For vertical movement of a plurality of nozzles 302 in such a configuration, 
the vertical drive motor 316 fixed to the head unit board 315 is used as a drive source, rotational 
driving force of the vertical drive motor 316 is transmitted to the screw engagement section 317 
provided in the L-type plate 318, and the L-type plate 318 is moved vertically, i.e., upward or 
downward by a predetermined amount with forward or reverse rotation in the screw engagement 
section 317. A plurality of nozzle selection valves 321 are fixed to the L-type plate 318^ and the 
valves are configured so as to move cylinder units 320 selectively and vertically. Th e v e rtical 
Vertical movement by means -virtue of the nozzle selection valves 321 cannot be driven -performed 
with fee-an adjustment of fee-an amount of the vertical movement, as distinct from fee-vertical 
movement with the vertical drive motor 316 that is used as the drive source. That is because there 
are only two possible ways of the vertical movement, i.e., downward drive of a cylinder section 320 
or a return to fee-an original position of the cylinder section 320 with ON/OFF operation of a nozzle 
selection valve 321. A cylinder seetien -unit 320, driven downward selectively by a nozzle selection 
valve 321 in this way, pushes an upper end portion of a nozzle shaft 3 14 to move down a nozzle 302 
connected to the nozzle shaft 314 and positions a tip of the nozzle 302 at a component holding 
height HI shown in FIG. 23. In FIG. 23, one nozzle 302 out of a plurality of nozzles 302 has been 
pushed down selectively. In a state in which the nozzle 302 has been pushed down in this way, 
driving force of the vertical drive motor 316 is exerted upon the nozzle 302 through fee-a_medium 
of the nozzle selection valve 321 fixed to the L-type plate 318 and of the cylinder section unit 320, 
and therefore an amount of fee-vertical movement of the nozzle 302 can be varied by means- virtue 
of the vertical drive motor 316. 

[00158] When the nozzle selection valve 321 is in OFF state, the nozzle 302 is being pushed 



upward by a biasing force of a coil spring 319, because one end of the coil spring 319 is engaged 
with the nozzle shaft 314 serving as an axis of the coil spring 319. The tip of the nozzle 302 is 
therefore situated at a basic height HO shown in FIG. 23. The gear sections 323 of the nozzle shafts 
314 mesh with the nozzle turning timing belt 322, and the head unit board 315 corresponding to the 
frame 1 is provided with such a 0-direction driving motor 215 as shown in FIG. 1 for the first 
embodiment. Forward and reverse rotation of a gear 215a on a rotating shaft of the 9-direction 
driving motor 215 causes movement of the nozzle turning timing belt 322^ meshing with the gear 
215a A and forward and reverse rotation or unidirectional rotation of the gear sections 323 of the 
nozzle shafts 314, so that a turning angle of the nozzle shafts 314 can be adjusted. 
[00159] Operations of the component recognizing method according to the third 
embodiment in the above-mentioned configuration will be described with reference to FIG. 27. 
[00160] Three electronic components 301 and one electronic component 310 are sucked and 
held by the head unit 303 equipped with four nozzles 302 (see a step 21 of FIG. 27X and the head 
unit 303 is moved to a start position in a recognition area equipped with the line sensor 305. On the 
basis of the-control by means-virtue of the main control unit 307, the drive control unit 304 moves 
the head unit 303 at a_constant velocity in the direction XI over the line sensor 305 with the-heights 
of the nozzles 302 set at the first focus coincident height fit for the electronic components 30L and 
the-aholding status of the electronic components 301 and the electronic component 310 is imaged. 
To be more specific, for example, the main control unit 307 acquires information en-of a group of 
nozzles with components that can be recognized at the first focus coincident height from among the 
components sucked and held by the nozzles^ and also acquires information en-of a group of nozzles 
with components that can be recognized at the second focus coincident height different from the 
first (see a step 22 of FIG. 27), and the-heights of all the nozzles 302 are set at the first focus 
coincident height on condition that the components that can be recognized at the first focus 
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coincident height are initially recognized (see a step 23 of FIG. 27). With the heights of all the 
nozzles 302 set at the first focus coincident height in this manner, the head unit 303 is moved at a 
constant velocity in the direction XI over the line sensor 305 and the holding status of the electronic 
components 301 and the electronic component 3 10 is imaged (see a step 24 of FIG. 27). 
[00161] When these imaging operations are completed, the image processing unit 306 
performs recognition processing on the basis of image data of the electronic components 301 and 
the electronic component 310 which have been imaged. At this time, the heights of the nozzles 302 
have been set at the first focus coincident height fit for three electronic components 301, so that 
image data of recognition image imaged clearly is obtained from three electronic components 301; 
however, the height of the nozzle 302 holding the electronic component 310 of which the thickness 
is different from the thickness of the electronic components 301 has not been set at the second focus 
coincident height but has been set at the first focus coincident height, so that image data of 
recognition image imaged unclearly is obtained from the electronic component 310. 
[00162] The drive control unit 304 subsequently switches the traveling direction to the 
direction X2 so as to reciprocate the head unit 303^ and moves the head unit 303 at a_constant 
velocity in the direction X2 over the line sensor 305 with the-heights of the nozzles 302 changed to 
and set at the second focus coincident height fit for the electronic component 310, and the-a_holding 
status of the electronic components 4- 301 and the electronic component 3 10 is imaged. To be more 
specific, for example, the main control unit 307 sets the heights of all the nozzles 302 at the second 
focus coincident height on the basis of the-group information acquired before, on condition that the 
components that can be recognized at the second focus coincident height are subsequently 
recognized (see a step 25 of FIG. 27). With the heights of all the nozzles 302 set at the second focus 
coincident height in this manner, the head unit 303 is moved at aconstant velocity in the direction 
X2 over the line sensor 305 and the holding status of the electronic components 301 and the 
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electronic component 3 10 is imaged (see a step 26 of FIG. 27). 

[00163] When these imaging operations are completed, the image processing unit 306 
performs recognition processing on the basis of image data of the electronic components 301 and 
the electronic component 310 which have been imaged. At this time, the-heights of the nozzles 302 
have been set at the second focus coincident height fit for the electronic component 310, so that 
image data of recognition image imaged clearly is obtained from the electronic component 310; 
however, the heights of the nozzles 302 holding three electronic components 301 of which the 
thickness is different from that of the electronic component 310 have not been set at the first focus 
coincident height but have been set at the second focus coincident height, so that image data of 
recognition image imaged unclearly is obtained from the three electronic components 301 . 
[00164] When the-recognition of the holding status of the electronic components 301 and the 
electronic component 310 is completed, the main control unit 307 calculates correction quantities 
with respect to installation positions in a circuit board on the basis of the-ajecognition processing 
result obtained from the image processing unit 306. At this time, the main control unit 307 selects 
eut-for the three electronic components 301 the-a_recognition processing result in which the nozzles 
302 were imaged at the first focus coincident height fit for the electronic components 301, and 
selects etrt-for the one electronic component 310 the-arecognition processing result in which the 
nozzle 302 as- was imaged at the second focus coincident height fit for the electronic component 310. 
To be more specific, for example, the main control unit 307 selects eu^image data of the electronic 
components 301 fit for the first focus coincident height from image data of recognition image 
obtained from the-recognition at the first focus coincident height^ and selects eut-image data of the 
electronic component 310 fit for the second focus coincident height from image data of recognition 
image obtained from the-recognition at the second focus coincident height, on the basis of the-group 
information acquired before. 
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[00165] On the basis of the recognition processing result fit for each electronic component, 
correction quantities for positional offsets of the electronic components 301 and the electronic 
component 310 with respect to suction positions of the nozzles 302 are taken into account (see a 
step 27 of FIG. 27X and the electronic components are mounted en-aLinstallation positions tn-on the 
circuit board (see a step 28 of FIG. 27). 

[00166] In the For imaging with the line sensor 305 in the third embodiment, image data of 
both components fit for a focus coincident height and components not fit for the focus coincident 
height is temporarily captured and stored in a memory 90 for image processing, and thereafter, only 
the image data of the components fit for the focus coincident height is finally selected under the 
control of the main control unit 307; however, the embodiment is not limited to this arrangement. 
For example, image data of only components fit for a focus coincident height may be captured in 
the during imaging with the line sensor 305, with previous reference to thickness data of electronic 
components held by the nozzles 302 , from among data stored in the memory 91 for mounting in 
which such information is stored as component data including types, thicknesses, widths, lengths, 
weights, and the like of components for use in component mounting, mounting order in the for 
suction of components and the like, types of nozzles installed in the head unit, and relations between 
types of nozzles and types of components (in other words, information showing which component is 
to be sucked by which nozzle). 

[00167] According to the third embodiment, as described above, in- during the component 
recognizing method in the electronic component mounting apparatus having the head unit equipped 
with the plurality of nozzles each for sucking the electronic component, the X-Y drive device for 
moving the head unit to a specified position in X-Y directions, the vertical drive device for driving 
vertically the nozzles provided for the head unit, the drive control unit for controlling the X-Y drive 
device and the vertical drive device, the line sensor for imaging electronic components sucked by 
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the nozzles, the image processing unit for performing recognition processing while controlling the 
line sensor, and the main control unit for controlling the drive control unit and the image processing 
unit, the head unit is reciprocated in the X-direction over the line sensor, and the nozzles are 
vertically moved simultaneously so as to change heights of electronic components sucked by the 
nozzles to specified heights and the electronic components are imaged with the line sensor, each 
time the traveling direction of the head unit is switched over. 

[00168] In accordance with the third embodiment, fte-electronic components having 
different thicknesses are respectively sucked and held by the plurality of nozzles provided for the 
head unit. When ajiolding status of those components is imaged in a series of component 
recognition processes, the nozzles are simultaneously moved vertically, for example, so as to have a 
height (a focus coincident height) fit for the-imaging of a group of electronic components of which 
thicknesses are within an identical range^ from among all the sucked electronic components. The 
head unit is moved in a forward direction of the X-direction over the line sensor while scanning and 
imaging are executed. For the-aj)urpose of imaging accurately the remaining group of electronic 
components for which the height of the nozzles in- during t he preceding imaging is unsuitable, the 
traveling direction of the head unit is subsequently switched to a reverse direction and the nozzles 
are simultaneously moved vertically so as to have a height (a focus coincident height) fit for the 
imaging of the remaining group of electronic components. The head unit is then moved in the 
reverse direction over the line sensor while scanning and imaging are executed anew. As a result, 
after the-completion of the-imaging of all the electronic components, recognition results of the 
imaging at the-respective focus coincident heights fit for the electronic components with different 
thicknesses are selected-eut, and thus aholding status of a plurality of electronic components with 
different thicknesses can be imaged accurately ia— during a series of component recognition 
processes. 
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Fourth Embodiment: 

[00169] Hereinbelow, a fourth embodiment of the present invention will be described in 
detail with reference to FIG. 21. 

[00170] A configuration that is required for component recognition processes in an electronic 
component mounting apparatus of the fourth embodiment is basically the same as that in the third 
embodiment as described with reference to FIG. 20 and FIG. 23. Differences of the configuration 
of the fourth embodiment from that of the third embodiment will be described with reference to FIG. 
21. 

[00171] As shown in FIG. 21, reference numeral 305 denotes a first line sensor for imaging 
ti»-aJiolding status of electronic components 301 and an electronic component 310, and numeral 
311 denotes a second line sensor. These are configured so that a head unit 303 moves in one 
direction in a straight line over the first line sensor 305 and the second line sensor 3 1 1^ and moves in 
a direction orthogonal to respective longitudinal directions of the first line sensor 305 and the 
second line sensor 311 both of which are rectangularly shaped. The -This configuration is mad e 
provided so that the electronic components 301 and the electronic component 310 may-do not 
interfere with an imaging area of the second line sensor 311 in4he during imaging of the electronic 
components 301 and the electronic component 310 over the first line sensor 305. Th e This 
configuration is also made- provided so that the electronic components 301 and the electronic 
component 310 may-do not interfere with an imaging area of the first line sensor 305 m4h e during 
similar imaging of the electronic components 301 and the electronic component 310 by means 
virtue of the second line sensor 311. The first line sensor 305 and the second line sensor 311 are 
connected to an image processing unit 306 so that information can be transmitted individually and 
mutually between the line sensors and the image processing unit. 

[00172] In the For component recognition processes, the head unit 303 is moved at a 
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constant velocity in one direction, i.e., in X-direction m- during the component recognition processes 
in the fourth embodiment, while the head unit is reciprocated in both the-directions XI and X2 in 
the third embodiment. 

[00173] Hereinbelow, operations of a component recognizing method of the fourth 
embodiment will be described. 

[00174] Three electronic components 301 and one electronic component 310 are sucked and 
held by the head unit 303 equipped with four nozzles 302, and the head unit 303 is moved to a start 
position in a recognition area equipped with the first line sensor 305 and the second line sensor 311. 
[00175] On the basis of the-control by means -virtue of a main control unit 307, subsequently, 
a drive control unit 304 moves the head unit 303 at aconstant velocity in the X-direction over the 
first line sensor 305 with heights of the nozzles 302 set at a first focus coincident height fit for the 
electronic components 30 1^ and the first line sensor 305 images aholding status of the electronic 
components 301 and the electronic component 310. 

[00176] When these imaging operations are completed, the image processing unit 306 
performs recognition processing on the basis of image data of the electronic components 301 and 
the electronic component 310 which have been imaged. 

[00177] The drive control unit 304 subsequently moves the head unit 303 at a_constant 
velocity still in the X-direction over the second line sensor 311 with the-heights of the nozzles 302 
changed to and set at the second focus coincident height fit for the electronic component 3\0^ and 
the second line sensor 311 images the-a_holding status of the electronic components 301 and the 
electronic component 310. 

[00178] The image processing unit 306 performs recognition processing on the basis of 
image data of the electronic components 301 and the electronic component 310 which have been 
imaged. 
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[00179] When fee-recognition of the holding status of the electronic components 301 and the 
electronic component 310 is completed, the main control unit 307 calculates correction quantities 
with respect to installation positions m-on a circuit board on the basis of a recognition processing 
result obtained from the image processing unit 306. At this time, the main control unit 307 selects 
eu^for the three electronic components 301 the recognition processing result in which the head unit 
303 was imaged by the first line sensor 305, and selects eu^for the one electronic component 310 
the recognition processing result in which the head unit 303 was imaged by the second line sensor 
311. On the basis of the -these recognition processing result -results fit foreach electronic component, 
correction quantities for positional offsets of the electronic components 301 and the electronic 
component 310 with respect to suction positions of the nozzles 302 are taken into account, and the 
electronic components are installed en-atjnstallation positions in-on the circuit board. 
[00180] In accordance with the fourth embodiment, in- for the component recognizing 
method in the electronic component mounting apparatus having the head unit equipped with the 
plurality of nozzles each for sucking the electronic component, the X-Y drive device for moving the 
head unit to a specified position in the X-Y directions, the vertical drive device for driving vertically 
the nozzles provided for the head unit, the drive control unit for controlling the X-Y drive device 
and the vertical drive device, the line sensors for imaging electronic components sucked by the 
nozzles, the image processing unit for performing recognition processing while controlling the line 
sensors, and the main control unit for controlling the drive control unit and the image processing 
unit, the plurality of line sensors are provided and arranged in the X-direction, and ift-fe e during 
movement of the head unit in one direction, i.e., in the X-direction over the plurality of line sensors, 
the nozzles are vertically moved simultaneously for each line sensor so that heights of the electronic 
components sucked by the nozzles are changed to specified heights over each line sensor, and the 
electronic components are imaged by each line sensor. 



[00181] In accordance with the fourth embodiment, a plurality of line sensors are provided 
and arranged in the recognition area and, in-the during movement of the head unit in one direction, 
i.e., in the X-direction over the plurality of line sensors, component holding heights of the nozzles 
can be changed to a focus coincident height fit for each group of electronic components having 
thicknesses different from those of the-other groups, over each line sensor by vertical movement of 
the nozzles, so that effects similar to those of the above-mentioned invention can be achieved. 
[00182] The present invention can be configured with various aspects in addition to those 
shown in the above-mentioned embodiments. 

[00183] For example, the third and the fourth embodiments have been described with 
reference to the examples configured with the-line sensors; however, the embodiments can be 
implemented in the same way, for example, even if three-dimensional sensors are substituted for the 
line sensors. 

[00184] The third embodiment has been described with reference to the-an example in which 
two types of electronic components 301 and 310 having different thicknesses are made to ge-pass 
and return two times over the line sensor 305 for the imaging of the components; however, the 
embodiment can be implemented in the same way, even if the number of times the head unit gees 
passes and returns,, and the number of times the component holding heights of the nozzles 302 can 
be changed,, are increased according to the number of types of electronic components with different 
thicknesses, for example, even if the head unit 303 is made to go- pass and return three or four times 
provided a plurality of electronic components having different thicknesses suck and held by the 
head unit are of three or four types. The fourth embodiment also can be implemented in the same 
way, even if the number of the line sensors and the number of times the component holding heights 
of the nozzles 302 can be changed are increased according to the number of types of electronic 
components with different thicknesses suck and held by the head unit. 
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[00185] The third and the fourth embodiments have been described with reference to the 
examples configured with four nozzles 302; however, the number of the nozzles is not limited to 
four but has only to be plural. 

[00186] When only five nozzles out of ten nozzles 302 are used, for example, the main 
control unit 307 may be made to control so that only the-image data of components held by the five 
nozzles in use is captured on the basis of information on the-use of the -these five nozzles4n~use. 
[00187] In the event that a positioning operation mode according to another embodiment of 
the present invention as shown in FIG. 28, in which each suction nozzle 302 of a head unit 303 has 
a nozzle vertical drive motor 302D, is not capable of bringing a component 30 1C into a 
recognizable range (L), for example, beyond a driving range of the- a respective nozzle vertical drive 
motor 302D in contrast to components 301 A and 30 IB sucked and held by the suction nozzles 302 
and brought into the recognizable range (L) by the drive of the nozzle vertical drive motors 302D, 
the components 301 A and 30 IB may be recognized while being moved in one direction with 
respect to a line sensor 305, and a vertical drive motor 316 may be driven for lowering an L-type 
plate 318 and all the nozzles 302, thereby changing heights ef- at which bottom surfaces of the 
components are located and bringing the component 30 1C into the recognizable range (L), and 
thereafter, the component 301 C may be recognized while being moved in another direction opposite 
to the above-mentioned one direction with respect to the line sensor 305. 

[00188] As described above, according to the present invention, components of which 
surfaces to be recognized have- are located at different heights can be continuously recognized by 
moving tfee-component holding members vertically according to the heights ef -at which t he 
surfaces to be recognized of the components in— fee are located during recognition of the 
components by means virtue of the-aj-ecognition unit. This arrangement eliminates the-a 
necessity of a plurality of tim e s of r e p e tition repetitions of a component recognizing operation 
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according to a variation in the-heights ef^ at which t he surfaces to be recognized are located , 
allows components to be held at the same time and allows component recognizing operations to 
be performed continuously regardless of the heights of the surfaces to be recognized, so that an 
improvement in component mounting tact time can be achieved. 

[00189] Besides, Ike-adjustment of the-heights ej- at which t he surfaces to be recognized 
are located can be achieved by a single drive unit though, conventionally, the -this adjustment has 
required drive units of which the number corresponds to the number of nozzles, and thus the-cost 
and the-weight of the apparatus can be reduced. 

[00190] In addition, the-a positioning operation can be started accurately and in an 
inexpensive manner with arbitrary timing, provided that a velocity curve in the for vertical 
movement of tke-a.selected component holding member is produced with parameters of a target 
position in the-a_direction of height at the-a_time when the vertical movement of the selected 
component holding member is controlled by means- virtue of the-adrive unit so as to position a 
surface to be recognized of the-a_component within a recognizable range of the-arecognition unit, a 
maximum velocity «4he during vertical movement of the selected component holding member up 
to the target position, and a maximum acceleration in-fee during vertical movement of the selected 
component holding member up to the target position, and the positioning operation of the selected 
component holding member driven by the drive unit on the basis of the velocity curve is 
automatically started in response to a positioning operation starting instruction upon the-arrival at 
the-a_positioning operation starting position of the selected component holding member moving 
transversely toward the recognition unit. 

[00191] In accordance with the fourteenth aspect of the present invention, the-recognition 
of a plurality of components of which surfaces to be recognized have- are located at t wo different 
heights can be achieved by moving the-component holding members vertically and controlling 
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the-heights ef4he -at which surfaces to be recognized of the components are located to within a 
recognizable range of the-ajecognition unit, as occasion requires, by ffleafts -virtue of a single 
drive unit for moving the component holding members vertically. 

[00192] In accordance with the fifteenth aspect of the present invention, a component 
recognizing method for recognizing components having not less than three different heights can 
be achieved by moving the-component holding members vertically and controlling the-heights of 
the -at which are located surfaces to be recognized of the components to within a recognizable 
range of the-a_recognition unit, as occasion requires, by means- virtue of a single drive unit for 
moving the component holding members vertically, on condition that a plurality of sets of 
parameters of the-target positions and the-positioning operation starting positions are provided so 
as to allow continuous positioning operations to be executed with provision of a plurality of timings. 
[00193] In accordance with the sixteenth aspect of the present invention, there can bej s 
provided a component recognizing method in which whether individual positioning operations in 
during continuous positioning operations^ which were started at tbe~a_plurality of positioning 
operation starting positions, have reached positioning operation ending positions or not is judged, 
i.e., a component recognizing method in which tbe-a_possibility of recognition is judged by 
detecting whether the-ajieight ef-at which is located an objective surface of each component has 
been brought into a recognizable range or not. 

[00194] In accordance with the seventeenth aspect of the present invention, there can be js 
provided a component recognizing apparatus in which the-a^component recognizing method 
according to the fourteenth aspect is configured accurately and in an inexpensive manner. 
[00195] In accordance with the eighteenth aspect of the present invention, there can be js 
provided a component recognizing apparatus in which the component recognizing method of the 
fifteenth aspect is configured accurately and in an inexpensive manner. 
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[00196] In accordance with the nineteenth aspect of the present invention, there can b e j s 
provided a component recognizing apparatus in which the component recognizing method of the 
sixteenth aspect is configured accurately and in an inexpensive manner. 

[00197] In accordance with the twenty-fourth to thirty-first aspects of the present 
invention, a plurality of electronic components having different thicknesses sucked and held by the 
ajiead unit can be imaged at one time and accurately ift- during a series of component recognition 
processes. As a result, the-productivity of component mounting can be increased with a reduction in 
extra time for the-movement of the head unit and the-minimization of the-occurrence of empty 
nozzles. 

[00198] Although the present invention has been fully described in connection with the 
preferred embodiments thereof with reference to the accompanying drawings, it is to be noted 
that various changes and modifications are apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the scope of the present invention as 
defined by the appended claims unless they depart therefrom. 
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ABSTRACT OF THE DISCLOSURE 

There -Disclosed are provid e d acomponent recognizing method and apparatus, and 
a_component mounting method and apparatus^ by which components with various heights held 
by a plurality of nozzles can be recognized continuously. The drive of a head (60) is transmitted 
to nozzles (21 to 33) , with surfaces to be recognized of components (56 to 59) ar e being 
controlled so as to be positioned in a recognizable range (L) in during respective recognizing 
operations of the components, and the-acontinuous recognition is thereby made possible. The 
adjustment of the-heights of the surfaces to be recognized in -during the recognizing operations of 
the components is achieved by one drive unit (3) and a plurality of drive transmitting units (4 to 
43). 



